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The cicadas of the Indo-Pacific region (Sulawesi, Maluku, NewGuinea, and the East-Melanesian

archipelagos) show an extreme rate of endemism and speciation. Congruent patterns of distribu-

tion lead to the recognition of several areas of endemism in the region. Provided that the cicadas

evolved by vicariant speciation in response to geotectonic changes, cicada phylogeny and distribu-

tion should indicate palaeogeological relationships between the areas of endemism. An a priori

knowledge of the tectonic history is therefore essential to realize the importance of many of the

biogeographic data and to interpret them correctly. High endemism found in cicadas makes them
a promising group for area cladistic study. A combination of biogeographic and phylogenetic data

of cicadas might lead to a better insight in the enormously complex geotectonic history of the ar-

chipelagos, which separate the Asian and Australian continents.

These archipelagos evolved at the interaction zone of three converging geotectonic plates, the

Eurasian, Pacific, and Australian plates. Conversion between the Pacific and Australian plates

forced the subduction of the intermediate Tethys Sea plate under the Pacific. This subduction

gave rise to a system of volcanic island arcs along the Pacific plate margin. One of these island

arcs collided at its western end with southeast Asia and fragmented as a result ofthat collision.

Many of the now existing land masses in the area are of composite geological origin. They re-

sult from various collisions involving fragments of the Pacific island arc, rifted microcontinents

of Australian origin, and the continental margins of southeast Asia and, especially, Austraha. A
review of the most recent geological literature is provided in the first chapter and gives a more
or less coherent tectonic history of the area in question.

Biogeographical data of two unrelated monophyletic groups of cicadas are analysed: the subtribe

Cosmopsaltriaria of the family Cicadidae and the sister tribes Chlorocystini and Prasiini of the

family Tibicinidae. Distributional patterns in the various genera of these two groups show that,

even if the distributional ranges of the genera largely overlap, these genera are generally concen-

trated with most, and often endemic, species in different areas. The areas thus recognized largely

coincide with the recognized geological entities as microcontinents or island arc fragments. This

suggests that the various genera evolved in isolation on such geological entities, which can thus be

regarded as the 'source areas' of the genera. If this is true, the phylogenetic relationships of the ci-

cada genera should indicate relationships between the presumed source areas of these genera,

which reflect the historic relationships between the corresponding geological entities. To test this

hypothesis the most likely source area for each of the genera is derived from their present-day dis-

tribution patterns. These source areas are substituted for the genera in the generic cladograms of

the two cicada groups and thus two area cladograms are obtained. The taxon-area cladograms are

compared to an area cladogram derived from the geological literature, which shows the alleged

firagmentation sequences of the main historic island arc. Congruencies between the two taxon-ar-

ea cladograms and the geological cladogram suggest that vicariance as a result of fragmentation in-

deed played a major role in the evolution of the Indo-Pacific cicadas. The presumed sequences of

firagmentation of the island arc do coincide with the main branching sequences in the taxon-area

cladograms. Moreover, the cicada area cladograms indicate area relationships that suggest some

more detailed palaeogeographical reconstructions of the various island arcs in relation to some of

the rifted microcontinents than the one obtained from the geological data alone. It is clear that

geological and biogeographical data supplement each other and that their combination will lead

to a better understanding of the evolution of both the earth's surface and its biota.
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siteit van Amsterdam, P. O. Box 94766, 1090 GT Amsterdam, The Netherlands.

Key words. - Cicadas, Biogeography, Chlorocystini, Cosmopsaltriaria, Prasiini, palaeogeogra-

phy, west-Pacific, Indo-Pacific.

169



Tijdschrift voor Entomologie, volume 138, 1995

Contents

Introduction

General remarks on biogeography 170

West Pacific cicadas as object of study 171

Results of previous study 172

Follow-up study 172

Palaeogeographic history of Sulawesi, Maluku, New
Guinea, and the western Pacific 174

Rifting of Gondwana 175

Development of an island arc system 179

Maluku and the Banda Sea 183

Western New Guinea, the Birds Head penin-

sula 188

NewGuinea 190

East-Melanesian archipelagos 1 94

Solomon Islands 198

Vanuatu (New Hebrides) 199

Fiji 200

Lau islands 200

Tonga 200

Biogeography of the cicadas of Sulawesi, NewGuinea

and the west Pacific

NewGuinean cicadas 200

Vicariant patterns versus dispersal patterns ...202

Historical distributions of the genera 203

The NewGuinea orientated genera

Cosmopsaltria Stal 204

Gymnotymapana Stal 206

Diceropyga Stal 206

Thaumastopsaltria Kirkaldy 208

GuineapsaltriaDe Boer 209

Rhadinopyga Duffels 210

Aedeastria De Boer 210

Baeturia Stal 21

1

Scottotympana De Boer 216

Papuapsaltria De Boer 217

Mirabilopsaltria'Dc Boer 218

The Australian genera of the Chlorocystini 218

The non-New Guinean genera of the Cosmopsal-

triaria 219

Aceropyga Duffels 220

Moana Myers 220

Newgenus 7' 221

Dtlobopyga Duffels 221

Brachylobopyga Duffels 221

The Oriental Prasiini 221

Conclusions 222

Discussion 222

Area cladistics

Area cladograms 223

Comparison of area cladograms 224

Discussion and paleogeographic reconstruc-

tions 227

Sulawesi 228

Maluku and Banda 229

NewGuinea: Birds Head 231

Northern NewGuinea 232

Central NewGuinea 232

Australia 233

Papuan peninsula 234

Melanesian archipelagos 236

Conclusions 237

Acknowledgements 238

References 238

Sources of illustrations 241

Index 242

Glossary 244

Introduction

This study contains a comparison of the bioge-

ographic patterns found in two unrelated groups of

cicadas from Sulawesi, Maluku, New Guinea, and

East-Melanesia. The observed similarities between

these biogeographic patterns suggest a common un-

derlying geotectonic cause, which indicates that vica-

riant speciation played a major role in the evolution

of the two groups compared.

General remarks on biogeography

Biogeography is the discipline which concerns it-

self with the study of the distribution of species and

higher taxa over the world, and with the search for ex-

planations of these distributions. The occurrences of

completely different communities of animals and

plants in the various parts of the world have intrigued

generations of biologists and have, in the second half

of the 19th century, led to the recognition of so called

floral and faunal regions, in zoogeography beginning

with Sclater's (1858) avifaunal regions (see for a his-

torical resumé Nelson & Platnick 1981). Most intri-

guing, of course, are those areas in the world where

two such regions meet, and study has long focussed

on the exact determination of border lines between

the regions. Well known in this respect are the lines

of Wallace (1863, 1876, 1910) separating the Asian

and Australian biotas. Later biogeographers have pro-

posed alternative lines, of which those named after

T.H. Huxley, R. Lydekker, and M. Weber are best

known (for a historical resumé see Simpson 1977).

The concept of plate tectonics, which evolved from

earlier theories of Alfred Wegener (1912), became

widely accepted only since the early 1970's. These

theories enable us to explain the apparent differences

between the various biogeographic regions in terms of

independent evolutions of their isolated biotas. The

border lines separating the regions represent the his-
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toric geographical barriers that caused the isolation

between the biotas of the regions. The steady change

of the surface of the earth constantly causes the devel-

opment and disappearance of barriers of all kinds,

causing isolation between populations of species

where they develop, and enabling biotas to mix where

they disappear. Of course, it depends on the nature of

the barrier and the dispersal abilities of a particular

species whether the barrier indeed acts as a mecha-

nism of isolation for the species in question.

Vicariant biogeography is based on the notion that

a geographical barrier arising and separating any two

parts of an area will not only affect one single species,

but might divide the entire biota. The barrier in ques-

tion is therefore presumed to form an effective mech-

anism of isolation for a wide range of species of both

animals and plants. As a result, general patterns of

distribution can be expected to have been formed, in

which taxa of various species groups occurring on

both sides of the barrier show a sister group relation-

ship. It depends on the age of the geological barrier

and the rate of evolution in a particular group wheth-

er these vicarying taxa be species or monophyletic

groups of a higher taxonomie level.

The above line of reasoning is reversed in area clad-

istics as developed by Platnick & Nelson (1978).

Here the phylogenetic relationships between endem-

ic taxa are regarded as evidence for the palaeogeo-

graphical relationships between the distribution areas

of these taxa, always provided the distributions of

these taxa are not the result of dispersals. In other

words, the phylogeny of a monophyletic group re-

veals the order in which geological barriers fragment-

ed a once undivided ancestral area, which theoretical-

ly formed the distribution area of the ancestral species

of that monophyletic group. Of course, this is only

true when the evolution of the species group in ques-

tion was caused by vicariance in the first place. This

becomes the more likely when several groups of spe-

cies comply with one and the same generalized area

cladogram; when several monophyletic groups are

found of which the phylogeny and distribution indi-

cate similar patterns of area relationships. In that case,

we can safely assume that these groups did not ac-

quire their distribution patterns independently by

chance dispersals, but that they responded similarly

to the same geological events. Area cladistic analyses

should therefore always be based on two or more,

preferably unrelated, groups.

The methods of area cladistics are summarised by

Rosen (1978), Humphries & Parenti (1986), and

Wiley (1988). In short, an area cladistic analysis re-

quires two or more taxa occurring in the same area.

These taxa should have many endemic species with

more or less congruent distributions and the phyloge-

netic relationships should be known. A phylogenetic

hypothesis is regarded a prerequisite for analysing his-

torical biogeographic patterns (Cracraft 1988). The
methods for reconstructing the relationships between

species were developed by Hennig (1950; 1966). A
phylogenetic reconstruction, expressed in a clado-

gram, is based on shared derived characters, the syn-

apomorphies, that indicate a common ancestor. It

will be clear that widespread taxa, taxa that occur in

all areas of which one wants to study the relation-

ships, are uninformative. In area cladistics, the names

of taxa in a taxon cladogram are simply substituted

for the names of the areas in which these taxa occur,

and a taxon-area cladogram results. A taxon-area cla-

dogram visualizes the relationships between areas as

suggested by the phylogenetic and biogeographic data

of a single species group; these relationships need not

be of a geological nature, they could also indicate

routes of dispersal. Congruencies between the taxon-

area cladograms of different taxa lead to the recogni-

tion of a general area cladogram. Such a general area

cladogram shows the area relationships which are

supported by the phylogenies and distributions of

more than one species group. A general area clado-

gram is supposed to visualize the palaeogeographical

relationships between the areas; each splitting in a

branch represents the formation of a geological barri-

er, which, translated to the taxon cladogram, led to a

vicariant speciation event.

West Pacific cicadas as object of study

NX/Tien a study is undertaken with the aim of reveal-

ing a general area cladogram based on the phylogeny

and distributions of monophyletic taxa that can be re-

lated to the tectonic history of the area, the chances of

success increase when a group is selected as a subject

of study that has many endemic species in an area

with an active geotectonic past. The more species are

involved, the more likely it becomes that we will be

able to recognize patterns in their distributions, and a

high rate of endemism facilitates the recognition of

areas of endemism. It stands to reason that the more a

particular area has been subjected to geological chan-

ges, the greater the chance is that some of these chan-

ges gave rise to effective barriers that were followed by

vicariant speciations. It might therefore be expected

that the cicadas of New Guinea and adjacent areas

cannot fail to form an excellent group for study. Not

only is the geological history of NewGuinea regarded

as one of the most complex in the world, the cicadas

of the NewGuinea region satisfy all our demands of

extensive speciation and endemism. Since several ge-

nera of New Guinean cicadas also either occur or

have their sister groups in adjacent areas such as

Maluku (the Moluccas), Sulawesi (Celebes),

Australia, and the East-Melanesian islands, these are-

as are also taken into account in the present study.
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New Guinea is a composite area, composed of

parts of different geological origin, at the junction of

three converging tectonic plates: the Australian,

Pacific and Eurasian plates. The evolution of the is-

land involved a series of collisions of various parts of

an oceanic island arc and several microcontinents

with the northern craton of the Australian continent.

A review of the geological literature on the formation

of NewGuinea and adjacent areas is given in the next

chapter.

Cicadas form a group of insects conspicuous by the

amount of noise the male produces in attracting the

female. The tendency to small distributional ranges

must presumably be explained by the peculiar life cy-

cle of these insects. The following data on cicada biol-

ogy are abstracted from Chandler (1972; 1973),

Dubois (1966), Ito & Nagamine (1974a, b), Kuniata

& Nagaraja (1992), Monsarrat (1966), Moulds

(1990), Nagamine & Teruya (1976), Wilson (1969),

and Wilson et al. (1963). Cicadas usually deposit

their eggs along the mid-ribs of the underside of green

leaves, after some tissue has been curved up by the fe-

male. After an incubation period of 4-8 weeks the lar-

vae hatch from the egg, fall to the ground and dig

themselves in within a few minutes. The insect now
passes through 5 larval stages. These larvae remain

under ground at a depth of generally 20-30 cm,

where they suck on plant roots. After about 2-8 years,

in exceptional cases, (species of the north American

genus Magicicada Davis, 1925) 13 or 17 years, the

last larval stage or nymph emerges, usually after rain

fall, and climbs up a stem where metamorphosis takes

place. The winged adults live for only 1-2 weeks,

which leaves the cicada precious little time to move
about and disperse.

Cicadas are currently subdivided into six families,

but the soundness of this classification is being dis-

puted (Duffels 1993). Each of the largest two of these

families has a large monophyletic group endemic to

the area under study. The subtribe Cosmopsaltriaria

of the Cicadidae (+ 125 species), and a group consist-

ing of the sister tribes Prasiini (+50 species) and

Chlorocystini (± 150 species) of the Tibicinidae are

both distributed over Sulawesi, Maluku, New
Guinea, and East-Melanesia to Samoa and Tonga.

Results of previous study

The value of cicadas for recognizing areas of ende-

mism has been demonstrated before by Duffels (1977

and later publications). An area of endemism is deli-

mited by the more or less coincident distributions of

taxa that occur nowhere else (Nelson & Platnick

1981). Duffels' revisionary work on the subtribe

Cosmopsaltriaria (Cicadidae) showed the extreme

rate of endemism of the Indo-Pacific cicadas. Duffels

(1986) recognized several areas of endemism in the

Indo-Pacific region. These areas of endemism are to a

large extent congruent with areas of endemism recog-

nized by other workers, studying several different

groups (Schuh & Stonedahl 1986, plant bugs of the

family Miridae; Kitching et al. 1987, butterflies of the

genus Idea; Holloway 1987, butterflies; Van Weizen

1990, the plant genus Guioa of the Sapindaceae).

The area cladogram of the Cosmopsaltriaria indicates

that such areas of endemism are sometimes closer re-

lated to farther removed areas, than to the immedia-

tely adjacent ones.

In these earlier studies the unexpected area rela-

tionships were explained with the then available the-

ories on the composite geological origin of the New
Guinean region. The island of NewGuinea was sup-

posed to have formed after the collision of two, for-

merly widely separated, island arcs: the Inner- and

Outer Melanesian Arcs. The central mountain ranges

of NewGuinea were allotted to the continental Inner

Melanesian Arc, which was supposed to continue to

New Caledonia and New Zealand. The northern

mountain ranges of New Guinea were supposed to

have formed a part of an oceanic and volcanic Outer

Melanesian Arc, that, in theory, continued eastward

along the Bismarck Archipelago and Solomon Islands

to Fiji and Tonga, and westward into northern

Maluku. The sister group relationship of the genus

Cosmopsaltria Stal, 1866, to the genera Aceropyga

Duffels, 1977, Diceropyga Stal, 1870, and

Rhadinopyga Duffels, 1985, was explained in terms of

a vicariant pattern between the Inner and Outer

Melanesian Arcs, and was supposed to reflect the in-

vasion of these two island arcs by 'vicariant dispersal'

of a common ancestor from southeast Asia (Duffels,

1983 fig. 21). The sister group of the four genera

mentioned above, at that time being only the genus

Dilobopyga Duffels, 1977, is endemic to Sulawesi.

This indicates a sister area relationship between

Sulawesi and New Guinea + East-Melanesia, which

was explained by a similar dispersal event of the an-

cestor of Dilobopyga, but then from southeast Asia to

Sulawesi.

Follow-up study

As explained above, an area cladistic study should

involve two or more unrelated species groups.

Vicariant evolution caused by geotectonic changes

implies that various groups of species should show

congruent patterns of distribution. To test the gener-

al applicability of the hypotheses on the historical

biogeography of the subtribe Cosmopsaltriaria, I star-

ted a phylogenetic and biogeographic study on a

group of tibicinid cicadas centred around the genus

Baetuna'SiX.2X, 1866.

The distribution area of Baeturia largely coincides

with that of the Cosmopsaltriaria, although the
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Cosmopsaltriaria occur on Sulawesi while Baeturia

does not. Furthermore, preliminary investigations

showed that monophyletic species groups within

Baeturia v^eve. indicative for the same areas of endem-

ism as were previously recognized based on the

Cosmopsaltriaria data. Similarities were observed

between the distributions of the Cosmopsaltria mimi-

ca complex and the Baeturia nasuta group (both

mainly occurring in the central mountain ranges of

New Guinea); between the Cosmopsaltria doryca

group and the Baeturia conviva group (both in

Maluku and western New Guinea); and between the

distributions of Aceropyga — Diceropyga and the

Baeturia bloetei group, both occurring in Maluku,

northern NewGuinea, the Bismarck Archipelago and

several East-Melanesian island groups, and absent in

Cendrawasih; the Birds Head peninsula of New
Guinea (Duffels & De Boer 1990).

However, the relationships between these areas as

indicated by the phylogeny of Baeturia are in strong

contrast with those indicated by the phylogeny of the

Cosmopsaltriaria (cf figs 51-52): the phylogeny of

Baeturia does not indicate a vicariant pattern between

an Inner and an Outer Melanesian Arc, since the

Baeturia nasuta group from central New Guinea is

certainly not the sister group of all other Baeturia ^^t-

cies, which mainly occupy the Outer Melanesian Arc

terranes. A closer comparison of the similarities

between the distributions of Aceropyga - Diceropyga

and the Baeturia bloetei group suggests that these

groups, notwithstanding some obvious similarities,

do not show the same pattern. The relatively small

morphological differences between the East-

Melanesian species of Baeturia suggest a more recent

evolution of the bloetei group compared to the

Cosmopsaltriaria from the same area. Furthermore,

the absence of Baeturia from the Fiji islands, in con-

trast with high endemicity of the Cosmopsaltriaria on

Fiji, could be explained by a more recent invasion of

the west Pacific by Baeturia, which would also imply

a younger age of the Baeturia bloetei group (Duffels

1988a; De Boer 1989; Duffels & De Boer 1990).

If Baeturia in fact is a much younger group than

the Cosmopsaltriaria, the main biogeographic pat-

terns of these two groups should not be compared at

all, since they could not result from the same geolog-

ical events. Apparent similarities in their distributions

then need different explanations. Moreover, it be-

came clear that Baeturia, as then defined, did not

form a monophyletic group. To be able to recognize

the general patterns of vicariance in the

Cosmopsaltriaria we should find and study congruen-

cies in distribution patterns between that group and a

monophyletic group of approximately the same age

and with the same distributional range.

These difficulties could be coped with by extend-

ing the group of study. It appeared that all but one

species described in Baeturia, together with several

other NewGuinean and several Australian genera, do

indeed form a monophyletic group. This group was

defined as the 'Baeturia and related genera complex'

(De Boer 1990) and later identified as the tribe

Chlorocystini (sensu stricto). In sensu stricto, because

several other genera at present included in the

Chlorocystini do not belong to this monophyletic

group and should be reallocated to other tribes (De

Boer 1995d). The Chlorocystini (sensu stricto) cover

approximately the same area as did Baeturia alone;

they range from Maluku to Samoa and Tonga, but, in

contrast to Baeturia, they reach into Australia as well.

Moreover, the oriental Prasiini, [Prasiini (sensu stric-

to)], which form the presumed sister group of the

Chlorocystini (sensu stricto), are mainly distributed

in Sulawesi. This means that the distribution of the

Chlorocystini - Prasiini together is very similar to

that of the Cosmopsaltriaria.

A revision of the 'Baeturia and related genera

complex' was carried out by successively revising the

genera and monophyletic groups of species that com-

prise this complex. In the process of re-shaping this

complex into a group of presumed monophyletic

genera, several species have been transferred from one

genus to another, while for other species new genera

had to be erected. The Chlorocystini (sensu stricto)

presently comprise 14 genera. Phylogenetic and bio-

geographic revisions of most of these genera have

been published separately (De Boer 1990; 1991;

1992a; 1993a; 1993b; 1995a; 1995b; 1995c). The
large genus Baeturia was subdivided into seven

monophyletic species groups that were revised in sep-

arate publications (De Boer 1982; 1986; 1989;

1992b; 1994a; 1994b; 1994c; 1994d), while the six

genera that are endemic to Australia will be treated in

a combined revision (De Boer in prep).

The distributional patterns of the Chlorocystini

(sensu stricto) in combination with their sister group,

the Prasiini (sensu stricto) show a striking resem-

blance to the patterns found in the Cosmopsaltriaria,

especially at generic level. Several taxa of these two

groups indicate the same areas as areas of endemism

and in several cases the area cladograms of these

groups agree upon the same relationships between

these areas of endemism. Wecan conclude that the

early evolutionary branchings, leading to the present

generic diversity in these two groups of cicadas are, in

both groups, reactions to the same geotectonic events.

Some of the more recent dispersal events gave rise to

patterns of distribution in species groups that are

strikingly similar to the older vicariant patterns

between the genera.

The recent geological literature provides new data,

which give reason to abandon the aforementioned
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'two Melanesian arcs theory' as the means of explain-

ing the observed vicariant patterns. The central part

of NewGuinea, formerly supposed to represent a part

of the Inner Melanesian Arc, appears to originate

partly from one and the same island arc as northern

and eastern NewGuinea, but is largely construed out

of the Australian continental margin. Furthermore,

some serious doubts arise as to whether the East-

Melanesian island chains (e.g., Solomon Islands,

Vanuatu, Fiji, and Tonga), that always have been re-

garded as of the same geological origin as northern

NewGuinea and the Bismarck Archipelago, really be-

long to that same island arc; it appears that the west-

ern terranes evolved on the margin of the Pacific

plate, while the more eastern island groups developed

in connection with the Australian plate. The next

chapter contains a review of the most recent geologi-

cal literature. An attempt is made there to give a more

or less coherent tectonic history of the distribution

area of the cicadas under study.

A new hypothesis on the historical biogeography of

the NewGuinean cicadas is developed in the second

chapter. Congruence between the areas of endemism

and the known geological entities like island arc frag-

ments or microcontinents suggests that fragmenta-

tion of the island arc system (or systems) and the sub-

sequent movements of its fragments caused vicariant

evolution on the isolated remnants of that arc system

and on some of the adjacent microcontinents. Most

of the various genera of the Cosmopsaltriaria, the

Prasiini (sensu stricto) and the Chlorocystini (sensu

stricto), are presumed to have evolved on different

fragments of the island arc that had successively

broken away from the arc, others are supposed to be

of microcontinental origin. The fact that many of the

arc fragments reassembled and now form parts of

New Guinea might explain why the New Guinean

genera all concentrate in different parts of the island.

Dispersals after the amalgamation of a particular is-

land arc fragment with New Guinea are responsible

for the fact that the areas of origin or source areas of

the various genera are no longer recognized as strict

areas of endemism for these genera. To test this hy-

pothesis, the present-day distribution pattern of each

of the genera is analysed in an attempt to establish the

most probable source area of each ol these genera; the

microcontinent or island arc fragment on which the

genus in question evolved. The concentration of spe-

cies, and especially of endemics, in any of the geolog-

ically determined areas indicates such an area as the

most probable source area for a particular genus.

When various monophyletic subgroups of a genus

concentrate in different areas, a historical proximity

among these areas is supposed and these areas togeth-

er are regarded as the source area. The hypothesis of

vicariance by island arc fragmentation can be tested

by area cladistic analysis. The phylogenetic relation-

ships between the genera of cicadas should indicate

area relationships between the presumed source areas

that reflect the historic relationships of these source

areas within, or relative to, the island arcs.

The final chapter contains an area cladistic analysis

of the Cosmopsaltriaria and its presumed sister group

(the genus Meimuna Distant, 1905) and of the

Chlorocystini (sensu stricto) and its presumed sister

group (the Prasiini) and an outgroup (the genus

Muda Distant, 1897). In an attempt to rule out re-

cent dispersal events, the previously established areas

of origin of the genera are substituted for the genus

names in the cladograms of the two groups, and treat-

ed as areas of endemism for these genera. The area

cladograms thus obtained are compared with the pa-

laeogeographical data discussed in the first chapter.

Area relationships as indicated by the phylogeny and

biogeography of the two groups of cicadas suggest

several possible palaeogeographical reconstructions.

These reconstructions are more detailed than the one

based on the geological data alone. Moreover, the bi-

ological data sometimes conflict with the geological

data.

Although knowledge of the geotectonic history is

essential for understanding and explaining the bio-

geographic patterns, biogeographic data in their turn

can supply additional information for reconstructing

the geotectonic history.

Palaeogeographic history of Sulawesi,

Maluku, NewGuinea, and the western Pacific

The geological province of NewGuinea is in terms

of palaeogeography considered as one of the most

complex areas of the world. Its present geography is

the result of the interaction of no less than four major

tectonic plates, numerous microcontinents and sever-

al island arc systems. NewGuinea lies at the junction

of three converging plates: the Eurasian plate, the

Australian plate, and the Pacific plate. The collision

of the Indian subcontinent (initially a part of the

Indian-Australian plate, but at present presumably a

separate plate) with Eurasia, however, had such ef-

fects on southeast Asia that it also indirectly affected

the shaping of the NewGuinean area. It is no wonder

then that geologists have not yet reached a consensus

on a detailed palaeogeographic reconstruction of the

area, although the modern literature tends to agree

more and more on the main trends. The present

chapter is an attempt to compile the points of view

proposed by various geological study groups. As a

biologist, the author does not feel competent to dis-

cuss and evaluate the geological evidence in corrobo-

ration of the various views. The aim of this chapter is

to present a more or less coherent geotectonic history
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Fig. 1. Present-day map of southeast Asia and the west Pacific with some of the geographical names used in the text.

of the distribution area of the cicadas under discus-

sion, which is to be compared to the biogeographic

patterns found.

In order to understand the mechanisms leading to

the formation of NewGuinea and the west Pacific is-

land chains, we have to consider the break-up of the

southern supercontinent Gondwana. Many of the

geographical names used in the text are compiled in a

present-day map of the area discussed (fig. 1), names

of palaeogeological entities are given in the various

palaeogeographic reconstructions provided.

Rifting of Gondwana
Until about 160 million years ago (Mya) the south-

ern continents (South America, Africa, India,

Australia, and Antarctica) were joined, forming the

supercontinent Gondwana. This continent was large-

ly separated from the likewise joined northern conti-

nents, or Laurasia, by the Tethys Sea (fig. 2). By that

time (160 Mya), or according to Dietz & Holden

(1970) as early as 180 Mya, Gondwana started rifting

apart. First Africa and South America were separated

from the eastward moving India - Australia -

Antarctica (fig. 3). Soon afterwards, if not simultane-

ously (Dietz & Holden 1970), India rifted from

Antarctica and from about 70 to 50 Mya India mo-

ved northward with an average velocity of 150-200

mma year (fig. 4) (Nishimura & Suparka 1990; Daly

et al. 1991; Veevers 1991). Presumably about 95 Mya
Australia and Antarctica became separated (Audley-

Charles 1987; Daly et al. 1991), while Australia con-

tinued to move mainly eastward.

This major rifting of Gondwana seems to have

been preceded and accompanied by sequences of rift-

ing of smaller parts, or microcontinents, all along its

northern margins. Parts of Turkey, Iran, Tibet,

Malaya, Borneo, and Indo-China all rifted from the

northern margins of India and Australia. These mi-

crocontinents preceded the continents in their north-

ward course, sweeping in waves of 'island arcs' across

the Tethys Sea (Audley-Charles 1987; Hutchison

1989; Burrett et al. 1991). The island of Sumatra is

supposed to have rifted from Gondwana in the

Middle Jurassic and might originate from the conti-

nental part of New Guinea, that is the northern part

of the Australian plate (Audley-Charles 1987), while

'Java is constructed by post Jurassic subduction-relat-

ed processes' (Hamilton 1979; 1986). The exact ori-
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Fig. 2. Palaeogeographic reconstruction of 160 My ago, showing the break-up of Pangea into Laurasia and Gondwana by the

Tethys sea. From Smith & Briden (1977).

gin of Sumatra, howfever, is poorly constrained from a

longitudinal position and, as Pigram stated (pers.

comm.) just were it originated is anyone's guess.

During these rifting processes, the original Tethys Sea

plate was consumed by subduction (the process in

which one of two converging tectonic plates is forced

to dip under the other) under Eurasia and replaced by

the newly spreaded sea floor that caused all the afore-

mentioned microcontinents to rift. The original

Tethys was subsequently replaced by a Tethys II (or

Fig. 3. Palaeogeographic reconstruction of 120 Myago, showing the break-up Gondwana (arrows indicating the direction of

movement of the major Gondwana fragments). From Smith & Briden (1977).
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Fig. 4. Relative plate motions of India and Australia with respect to a fixed Eurasia (India positions in Chrons, Australia po-

sitions in My). From Daly et al. (1991).

neo-Tethys) and a Tethys III (or the proto Indian

ocean) in the west and by the proto-Pacific ocean in

the east (cf. fig 5). According to Pigram & Pangga-

bean (1984) rifting along the eastern margins of

Australia started as early as 230 Mya and propagated

in a southwestern direction. This timing is consistent

with the opening of the proto-Pacific Ocean, as sug-

gested by Nur & Ben Avraham (1977). Pigram &
Panggabean state that by the end of the Jurassic (ap-

proximately 160 Mya) the northern margin of

Australia faced a newly formed ocean, which prob-

ably linked the proto-Indian Ocean (the Tethys iii of

Audley-Charles 1987) to the proto-Pacific Ocean.

These three new oceans were separated from the old-

er oceans of neo-Tethys and Panthalassa (the ances-

tral ocean that surrounded the former single super-

continent Pangea) by a screen of continents and/or

microcontinents, the chequered blocks in fig. 6.

This screen of continents and/or microcontinents

is probably identical to the lost Pacifica continent of

Nur & Ben Avraham (1977), which these authors

consider to have been rifted off Gondwana, between

225 and 180 Mya. In their scenario, continued

spreading in the proto-Pacific Ocean caused fragmen-

tation of what is considered to have been a single land

mass to the northeast of Australia, which they called

Pacifica, into four major groups of continental frag-

ments. These fragments were presumably carried

along toward subduction zones and finally collided

with the continental margins bordering the Pacific,

thus forming the circum-Pacific Cordillera. Frag-

ments of this Pacifica continent are supposed to have

ended up in Alaska and eastern Siberia, North

America, and South America, but the whole concept

of a Pacifica continent has fallen out of favour and es-

pecially the idea of fragments of Pacifica in northern

America and Asia is being questioned (Pigram pers.

comm.). In addition the submerged platforms of

Ontong-Java and Manihiki in the southwest Pacific

were considered to be possible fragments of this lost

Pacifica; these fragments show a remarkable confor-

mity with continental crust (Nur & Ben Avraham
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Fig. 5. The rifting of micro-

continents from Gondwana
by a successive Tethys II and

Tethys III. From Audley-

Charies (1987).

NEWRIFTED CONTINENTALMARGINOF NORTHERNAUSTRALIA/NEWGUINEA

FRAGMENTSOF GONDWANALANDDISPERSED DURING JURASSIC

AUSTRALIANGONDWANALANDFLOODEDBY SEA IN EARLYCRETACEOUS

SPREADINGRIDGE (schemolic) SUBDUCTIONTRENCH TRANSFORM

1981). Recent drilling showed that the Ontong-Java

plateau consists of large buildups of basaltic volcanics,

such platforms are now referred to as Large Igneous

Provinces (Coffin & Eldholm 1993). The break-up

of Pacifica is shown in four stages in fig. 7; for a com-

plete list of presumed lost Pacifica remnants is re-

ferred to Nur & Ben Avraham (1981).

Some fragments that rifted from the more western

parts of the northern margin of Gondwana reached

subduction zones at the southern margin of Eurasia

and became squashed between Eurasia and India

when, about 50 Mya, India collided with the

Eurasian continent (Nishimura & Suparka 1990;

Rangin et al. 1990a; 1990b; Daly et al. 1991; Veevers

1991). Such parts, like the Kohistan arc, are now in-

corporated in the Himalaya mountains.

The collision between India and Eurasia had an

enormous impact on the further development of New
Guinea and adjacent areas by triggering a train of

events. The force of the collision caused an indenta-

tion of the former southern margin of Eurasia, as a re-

sult of which Indo-China and Sumatra started to ro-

tate clockwise to the south (Hamilton 1979; 1986).

This rotation forced the opening of the Gulf of

Thailand Basin and the Andaman Sea. Somewhat

later, between 32 and 17 Mya, the South China Sea
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160 Mya

PANTHALASSA

Fig. 6. The screen of conti-

nents and/or microconti-

nents (chequered blocks) that

separated (160 My ago) the

proto-Indian- and proto-

Pacific oceans from the Neo-
Tethys and Panthalassa.

From Pigram & Panggabean

(1984).

opened, which again was accompanied by the rifting

and southward migration of Reed Bank, Macklesfield

Bank, and north Palawan from the Chinese coast.

Reed Bank and Palawan collided with Borneo at

about 17 Mya (Lee & McCabe 1986; Daly et al.

1991). Because of this collision a part of oceanic crust

became isolated and now forms the Celebes Sea.

Probably induced by all these changes in southeast

Asia, the Pacific plate changed its course, from initial-

ly NNWto almost westward, at about 42-43 Mya
(Daly et al. 1991). This sub-perpendicular change of

direction can be easily read from the angle between

the Emperor Seamount chain and the Hawaii chain;

these chains result fi'om one single volcanic 'hot spot'.

The volcanos evolved at the same, stationary, mantle

location and were carried away on the tectonic plate,

which slides over that 'spot', so leaving a trace reflect-

ing the plate motion, with the oldest volcano farthest

removed from the 'hot spot' or the place of origin.

This change in plate motion, as part of a global plate

readjustment, caused a fracture in the Pacific plate at

about the same time (42 Mya) and, as a result, the

Philippine plate was separated (Nishimura &
Suparka 1990). This, more or less triangle-shaped,

Philippine plate possibly moved northward until

about 3 Mya, but then started rotating clockwise

around a rotation pole near its northern edge (see al-

so Hall & Nichols 1990; Daly et al. 1991), and is

now being subducted at the Philippine Trench.

Along the western margin of this plate, eastward sub-

duction gave rise to volcanic islands that now form

part of the Philippines and West (error? on the ac-

companying maps of that publication northren and

eastern Sulawesi are indicated) Sulawesi (Daly et al.

1991). Lee & McCabe (1986) and Hamilton (1986)

consider the latter (= west Sulawesi) to have rifted

from eastern Borneo.

Development of an island arc system

The Australian continent, comprising Australia, the

Arafura Sea, and southern New Guinea (see fig. 9),

had changed its course from eastward to northward

even before the collision (50 Mya) between India and

Eurasia (fig. 4). This change of direction was part of

the above mentioned global plate readjustment and

was accompanied by the opening of the Tasman Sea

(82-60 Mya), which separated Australia from

Antarctica (Daly et al. 1991; Honza 1991). It might

have caused an episode of rapid sea floor spreading in

the Tasman Sea, which occurred coincidently with the

onset of the collision between India and Eurasia

(Nishimura & Suparka 1990). As a result of these

changes and the changes in movement of the Pacific

plate from northward to westward, Australia rapidly

advanced on the Philippine and Pacific plates and the

older and heavier Tethys Sea floor to the north of

Australia was forced to subduct at the western and

southern margins of the Philippine - Pacific plates.

The volcanism accompanying this subduction gave ri-

se to an oceanic island arc on the southern and western

edges of these two oceanic plates. This Indo-

Melanesian arc formed part of a much larger Tertiary

island arc complex, that extended all along the western

margins of the Pacific ocean. A compilation of these

Pacific island arc systems is presented in fig. 8. The

Indo-Melanesian arc was possibly continuous with the

Bonin, Mariana, Yap, and Palau arcs (Honza 1991).
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Fig. 7. Schematic model of the break-up of the Pacifica continent and the destination of its fragments in the circum Pacific

Cordillera. Possible ages of the various palaeogeographic reconstructions: a. 225 Mya, b. 180 Mya, c. 135 Mya, d. 65 Mya.
From Nur & Ben Avraham (1977).

Alternatively, it may have been, or may also have been,

connected to the earlier Daito arc and the Ryukyu
Islands. Honza (1991) states that 'the Daito arc most
likely faced southward as a western trace of the North
New Guinea arc', which formed a part of what was
called above the Indo-Melanesian arc. The Indo-

Melanesian part of this large Pacific arc system started

to develop at about 40 Mya (Hamilton 1 979; Rangin
et al. 1990a; 1990b; Daly et al. 1991). The arc develo-

ped most rapidly in the west where the Australian and
Pacific plates were advancing at almost right angles

and subduction of the intermediate Tethys Sea floor

was maximal. Its development gradually slowed down
to the east where the advancement between Tethys

and Pacific was oblique and thus less material was sub-

ducted per time span. Land masses that represent the

present-day remnants of this Indo-Melanesian island

arc are, in order from west to east: the central parts of

the Philippines, parts of northwestern and eastern

Sulawesi, the northern parts of the central mountain

ranges of New Guinea, the greater part of northern

and eastern New Guinea, and the Bismarck

Archipelago. Explicit statements about the origin of

the various parts of Sulawesi are rare in the literature,
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Fig. 8. The Tertiary island arc systems along the southern and western margins of the Pacific plate in their present-day set-

ting. From Honza (1991).

their possible partial island arc origin was inferred

from figures given by Daly et al. (1991) (see figs. 9-

10). This island arc seemingly continues to the

Solomon Islands, Vanuatu, Fiji and Tonga, but these

latter island groups appear to have a fiindamentally

different origin (see below^). Only the northeastern

parts of the Solomons might be a continuation of the

arc discussed here. The Indo-Melanesian part of the

island arc system is known by several names (e.g.,

Outer Melanesian Arc, or Sepik Arc, or Vitiaz Arc),

but the various authors usually confine any of these

names to certain parts of the arc system only. The
Outer Melanesian Arc (OMA), as it is generally ter-

med in biogeographic studies (Duffels 1986; Hollo-

way 1979), has been of paramount importance for the

development of the Melanesian biota since it served as

a route of dispersal for southeast Asian, and possibly

Australian, animals and plants invading Melanesia

and Micronesia. Furthermore, as will be discussed in

the next chapter, the ensuing fragmentation of the arc

may have caused vicariant speciation events.

The continuing westward movement of the Pacific

plate carried the OMAtowards southeast Asia and

somewhere between 40 and 30 Mya the most western

part of the arc collided with the Asian continent. This

collision is supposed to have enabled the Asiatic biota

to migrate eastward into the island arc. It is not clear

yet, where the first contact between the OMAand

southeast Asia took place, but this possibly happened

either in the Philippine region or just south of the
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Fig. 9. Palaeogeographic re-

construction of 30 My ago,

showing the approaching col-

lision between an island arc

containing fragments of the

central Philippines and nort-

hern and east Sulawesi with

southeast Asia and Sunda

land. From Daly et al.

(1991).

30Mya

Indian Ocean

Philippines, that is somewhere near Borneo.

Alternatively, the first contact with Asia could have

been along the Bonin Arc or the Daito Arc, and then

through Japan (cf. fig. 8) (Honza 1991). As a result of

its collision with Asia, and the continued movement
of the Pacific plate, the island arc started breaking up

just east of those parts that are now supposed to form

northwestern and eastern Sulawesi. The western part

of the OMA, the central Philippine fragment and the

Sulawesi fragments, started rotating clockwise, which

led to a collision between the central Philippines and

the continental western Philippines while northwest-

ern and eastern Sulawesi swept past the northwestern

edge of the Australian continent towards the Sunda

Arc and Borneo (figs. 9-10) (Daly et al. 1991). The
more eastern parts of the OMA, starting with a frag-

ment known as the Sepik Arc (see below), continued

their westward course and therefore obliquely ad-

vanced upon the northern craton of the continuously

northward moving Australian continent (fig. 10).

The next decisive event in the formation of New
Guinea occurred at about 30 Mya, when the original

Tethys Sea was finally consumed by subduction and

the Australian continent entered the subduction zone

at the southern margins of the Philippine and Pacific

plates (Pigram & Symonds 1991). This, as will pres-

ently be explained, resulted in a series of collisions

with fragments of the OMA. However, the rifting of

microcontinents from the northern margin of the

Australian plate (= continental NewGuinea) that be-

gan about 230 Mya, continued until after the genesis

of the OMA. Some of these more recently rifted mi-

crocontinents preceded Australia in reaching the sub-

duction zone of the former Tethys Sea and became

incorporated in the OMA. Assuming that these mi-

crocontinents were not submerged, we must con-

clude that the Australian biota could have reached the

OMAlong before its various fragments collided with

the Australian continent. The parts of the OMAthat

eventually accreted to NewGuinea were thus already

of composite geological origin. In fact, Pigram &
Davies (1987) identified no less than 32 tectono-

stratigraphic terranes in the northern and eastern (i.e.,

the accreted) parts of NewGuinea (fig. 16). They de-
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20Mya

Pacific Ocean
3»

Fig. 10. Palaeogeographic re-

construction of 20 My ago,

showing an island arc contai-

ning fragments of the central

Philippines, northern and

eastern Sulawesi, and central

New Guinea (the Sepie Arc).

The Sulawesi fragments ap-

proach western Sulawesi and

Australia approaches the

Sepie Arc. From Daly et al.

(1991).

fine these terranes as 'internally homogenous geolog-

ic provinces, the stratigraphy, fauna, tectonic style,

palaeomagnetic signature, and history of which con-

trasts with that of adjoining provinces [...] that lie

outboard the craton margin'. Most of these terranes

have oceanic (OMA) 'affinities', but in western New
Guinea terranes with a continental 'affinity' (micro-

continents rifi:ed from Australia) dominate.

This illustrates the extreme complexity of the ac-

cretion history of New Guinea. The tectonic move-

ments and the effects of the several collisions on the

surrounding areas will from here onwards be dis-

cussed separately for the various areas, from west to

east respectively and beginning with the Maluku-

Banda Sea region.

Maluku and the Banda Sea

The Banda Sea presumably consists of two trapped

parts of oceanic crust, the North and South Banda

basins, that are separated by submerged continental

fragments, the Banda ridges. The southern Banda Sea

is a fragment of the Indian Ocean, the northern

Banda Sea is a part of the Molucca Sea (Silver et al.

1985). Hamilton (1986), on the other hand, assumes

that the South Banda basin resulted from 'spreading

behind a rapidly migrating Banda Arc', and expanded

to fill the concavity between New Guinea and

Australia. At present these seas are surrounded by the

islands of the Moluccas and of the Banda Arcs.

Formerly, the Banda basins were continuous with the

Argo-AbyssaJ plain, which is the sea area to the north

of Australia, the Arafura Sea (Hartono 1990; Lee &
McCabe 1986). According to Lee & McCabe (1986)

the Banda, Celebes, and Sulu basins were continuous

until the Tertiary, probably forming a northern ex-

tension of the eastern Indian Ocean. The islands that

have separated these basins either arrived by middle

or late Tertiary, or were formed in place as a result of

Neogene subduction. There is, however, much con-

troversy about this timing.

As in western New Guinea, the terranes in the

Moluccas are predominantly of continental (probably

Australian) origin (fig. 11). Many of these continen-

tal fragments (e.g., Buton and the Tukang Besi plat-
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Fig. 1 1 . Microcontinents in

the Birds Head and the

Maluku area. Reconstructed

after Pigram & Pangabean

(1984) and Silver et al.

(1985).

form; the Banda ridges, which are submerged terranes

in the centre of the Banda Sea; Bacan and Obi; Sula,

Banggai, and small parts of eastern Sulawesi) are sup-

posed to be slivers that have become detached from

the northern craton of the Australian continent, in

other words: from the continental part of New
Guinea. It is generally assumed, that these slivers were

sliced off the Birds Head and carried westward along

the Sorong fault (a fault zone across northern New
Guinea), forced by the westward movement of the

Philippine - Pacific plate (Hamilton 1979; 1986;

Silver & Smith 1983; Silver et al. 1985; Pigram et al.

1985; Lee & McCabe 1986; Hartono 1990; Daly et

al. 1991; Smith & Silver 1991). Katih (1989) uses the

term 'bacon slicer' for this process. Silver et al. (1985)

found similarities between the Banda ridges, the

Kemumand Tamrau terranes of the Birds Head and

the Ligu metamorphics on Misool island. However,

Pigram & Panggabean (1984) conclude from strati-

graphic comparison that many of these continental

fragments (including the Birds Head) come from far

more eastward. These authors suppose that Sula and

Banggai, Buton, and Obi and Bacan all originate

from as far east as present-day central Papua New
Guinea and suggest that these fragments became de-

tached in early Jurassic time (approximately 180-195

Mya). Later Pigram & Symonds (1991) realized, that

if these riftings had occurred that early in time, the

fragments in question would by now have reached

southeast Asia. They hypothesized rather that the rift-

ings were related to the opening of the Coral Sea (50-

60 Mya) and to an oblique spreading centre that must
have existed along the northern edge of the Australian

craton. They state that, since spreading in the Coral

Sea was of short duration and ended in middle

Eocene, these microcontinents could not have been

far rem.oved from the Australian craton before they

were forced to move westward by the approaching

oceanic island arc fragments. Pigram et al. (1985) lo-

cate the origin of the Sula platform in Papua New
Guinea, between 141° and 145° E., basing this hy-

pothesis on the almost identical pre-Cretaceous strat-

igraphie sequences found for these two areas. Daly et

al. (1991) suppose that these continental slivers or

'tectonic flakes' (as they call them) were chiselled off

the northern craton of Australia, and pushed west-

ward, by the obliquely colliding Sepik Arc, which is

the first part of the OMAthat became accreted to the

Australian continent by 20 Mya. This timing seems

in agreement with the timing of the collision between

the Buton/Tukang Besi fragment and Sulawesi in

middle Miocene (± 17 Mya), and between the

Sula/Banggai fragment and Sulawesi in late Miocene

(8-9 Mya) (Smith & Silver 1991). In a palaeogeo-

graphic computer reconstruction of the middle to late

Triassic Struckmeyer et al. (1993) placed the

Moluccan and Birds Head (see below) microconti-

nents all together as a single continental mass border-

ing the present-day northern and northeastern mar-

gin of the Australian plate, similar to the 'lost Pacifica'

block of fig 7a, but much smaller.

Silver et al. (1985) proposed that the first frag-

ments that became detached from the Australian

plate and were pushed westward can be found in the

southern parts of the Banda Sea. More recently de-

tached fragments are presumed to have ended up

north of earlier fragments since, due to the continu-

ous northward movement of the Australian conti-
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Fig. 12. Reconstruction of the Banda Sea region at 5 My
ago, showing the order in which microcontinents (shaded

blocks) are supposed to have invaded the area. Heavy lines =

faults (teeths on upper plate of subduction zones). From
Silver et al. (1985).
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Fig. 14. Alternative tectonic models concerning the southward propagation of the Philippine Trench in relation to

Halmahera. The Philippine Trench either continuing east of Halmahera (A), or west of Halmahera (B, C), or ending near

Halmahera (D), or continuing through Halmahera (E). From Nichols et al. (1989).
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Fig. 15. Schematic tectonic reconstruction of the arc-arc collisions in the Molucca Sea area. From Moore & Silver (1982).

by short periods of uplift (fig. 13). The two final puls-

es of uplift in Timor, of 2.2-2.0 and 0.2 Mya, are

interpreted as the beginning of the introduction of re-

spectively the main slope area and the shelf area of the

Australian continental margin into the Banda arc

subduction zone (De Smet et al. 1990), while the fi-

nal uplift and emergence of Buton is related to its col-

lision with the Tukang Besi platform (Fortuin et al.

1990). For other islands the most important, final,

uplift started no longer than about 5 Mya, and emer-

gence of all these islands occurred less than 1 Mya.

Only Buton (1 1 Mya) and Seram (5 A4ya) might have

been emergent during an earlier period (Fortuin &
De Smet 1991).

Only a part of the northern Moluccas, the

Fialmahera arc, is associated with or directly derived

from the OMA. Fionza (1991) proposed that the

Fialmahera arc was possibly part of a larger arc com-

plex, including the Mariana, Yap, and Palau Arcs,

that was connected to parts of what now forms New
Guinea. Wc states that 'the Eocene basement in the

eastern belt of New Guinea is possibly the same se-

quence as is seen in the Yap and Mariana Arcs' and

that the 'older basement in the southwestern portion

of the Fialmahera Arc, which is considered to be the

same sequence as those in New Guinea, migrated

westward along the left lateral Sorong Faults.' Fiali &

Nichols (1990) found a similarity in age and litholo-

gy between Halmahera, the East Mindanao - Samar

fragment and the Daito Ridge province plateaus, al-

though they presume that these terranes have not

formed a continuous arc. Fiowever, the geology of the

northern Moluccas is extremely complex and subject

to much controversy. Eastern Fialmahera presumably

forms a continuous ferrane with Gebe, Gag, and

Waigeu Islands, and possibly also with the Tamrau

Mountains of the northern Birds Fiead (Fiali &
Nichols 1990), while the island of Morotai is an east-

ern extension of the northwestern arm of Fialmahera

(Nichols et al. 1990). The controversy about the ori-

gin of the Fialmahera terranes arises from the fact that

no southward extension of the Philippine Trench can

be traced in the Fialmahera area. The Philippine

Trench, which is a fault system to the east of

Mindanao, seems to come to a dead end at the East

Morotai Plateau, a submarine microcontinent to the

east of Morotai island that might be another remnant

of Nur & Ben Avraham's lost Pacifica. Fiali &
Nichols (1990) and Nichols et al. (1990) present a re-

vision of the several ideas developed in attempts to

link the Philippine Trench to the Sorong or other

fault systems in the Molucca Sea collision zone (fig.

14) with the Philippine Trench as a southward prop-

agating fault system, continuing either east of
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Halmahera, or west of Halmahera, or through

Halmahera. Halmahera is thus either completely or

partly placed on the western edge of the Philippine

sea plate, or placed on a separate plate. It is clear that

Halmahera is moving westward, presumably forced

by a spreading centre in the Ayu Trough (cf. figs.

I4d, e) since early or middle Miocene (Honza 1991),

and approaching the Sangihe Arc. The Molucca Sea

dips westward under Sangihe and eastward under

Halmahera (Moore & Silver 1982; Hamilton 1986;

Hall & Nichols 1990; Nichols et al. 1990; Honza

1991). The volcanic arc of west Halmahera results

from this subduction and so do some of the small is-

lands west of Halmahera, (Mayu, Talaud, and

Tifore), which represent emerged parts of 'com-

pressed forcare sediment wedges, with slivers of

Sangihe forearc basement' (Hall & Nichols 1990).

Moore & Silver (1982) and Hamilton (1986) regard

this future Halmahera — Sangihe collision as the

southward propagation of the middle Tertiary colli-

sion that took place between central Mindanao and

east Mindanao including the Samar block. Moore &
Silver (1982) describe this collision as a southward

scissoring between the Sangihe Arc (continuous with

the west Mindanao Arc) and one of the following op-

tions: either 1) a long continuous Mindanao -

Halmahera Arc, or 2) a double Mindanao - Talaud

and a Halmahera Arc, or 3) a double Mindanao and a

Talaud - Halmahera Arc, or 4) a series of small and

unconnected arc segments (fig. 15). They prefer the

third option. The Philippine fault (the north-south

fault across Mindanao) is thus regarded as the north-

ern, closed, continuation of the Molucca Sea. This

would mean that the Molucca Sea plate has extended

northward and was possibly originally part of the

West Philippine Basin (Honza 1991). However, since

there is no proof of subduction of the Molucca Sea to

the north of Talaud island. Hall & Nichols (1990)

conclude that the Halmahera - Sangihe collision is

not a simple continuation of earlier collisions in

Mindanao, but an effect of these very collisions. They

think that the Moluccan Sea has continued north as

the part of East Mindanao which lies between the

Philippine Trench and the Philippine Fault.

However this may be, it is generally agreed that Hal-

mahera originates from a position far to the east of its

present one. Moore & Silver (1982) and Rangin et al.

(1990a, 1990b) presume that 10 Mya Halmahera lay

approximately 800 km to the southeast of its present

position. Daly et al. (1991) suppose that Halmahera

originates from far to the east in the OMA, while

Honza (1991) concludes that Halmahera has been

part of, or was attached to, arc fragments which now
form part of NewGuinea.

Western NewGuinea, the Birds Head peninsula

The greater part of the Birds Head of NewGuinea

is of continental (Australian) origin. Only the

Waigeu, Arfak, and Tamrau terranes originate from

the oceanic island arc systems (figs. 11, 16). The

Waigeu terrane includes Waigeu Island, numerous

small islands as Batanta, Gebe, Gag, and Kofiau, and

Fig. 16. The allochtonous terranes in NewGuinea, which successively accreted to the northern craton of the Australian pla-

te. Lettering: A = Arfak, B = Bowutu, Bb = Benabena, BM = Border Mountains, C= Cyclops, D = Dayman, De =

D'Entrecasteaux, Di = Dimaie, F = Finisterre, G = Gauttier, J = Jimi, Ke = Kemum, Ku = Kutu, L = Lengguru, LS = landslip,

M= Misool, Ma = Maransabadi, Mm= Marum, MT= Mount Turu, My = Menyamya, OS = Owen Stanley, PA = Prince

TMexander, Pm= Port Moresby, R = RoufFaer, S = Sepik, Sc = Schrader, T = Tamrau, To = Torricelli, Wa= Wandammen,
We= Weyland, Wg= Waigeu, Wo= Woodlark. From Pigram & Davies (1987), for a description of these terranes see that

publication.
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a small sliver of the Birds Head to the east of Sorong

(Pigram & Davies 1987). This terrane is supposed to

form a single block with Halmahera and, possibly,

the Tamrau mountains (see above), although Pigram

& Davies (1987) regard the latter as of continental

origin. The Arfak terrane consists of the Arfak moun-

tains in the northeastern Birds Head, the Tosem

mountains of the northern Birds Head, Num and

Japen Islands, and a part of Biak Island. The Arfak

elements probably are part of the OMAsystem, and

might be a western continuation of the terranes that

form the northern mountain ranges of New Guinea

(e.g., the Gauttier, Cyclops, and Torricelli terranes)

(cf flg. 16). The Arfak terrane is supposed to have ac-

creted recently (2 Mya) to New Guinea (Pigram &
Davies 1987). The main part and nucleus of the Birds

Head, however, is of Australian origin. One has re-

garded it either as an integral part of the Australian

craton or one has tried to explain its present position

by rotation rather than accretion. Hamilton (1979)

suggested that the Birds Head rotated clockwise

northward in the Neogene, from a position near the

west coast of Australia, but an anticlockwise rotation

resulting from a presumed spreading centre in the

Geelvink Bay has also been considered (Daly et al.

1991). None of these rotations, however, can explain

the north-south directed mountain chains on

Lengguru, the Birds Neck. The presence of these

mountains can be explained, however, by supposing

that a collision occurred between the Birds Head and

Lengguru. Realising this, Pigram and Panggabean

(1984) argued that the continental part of the Birds

Head consists of two microcontinents (figs. 11, 16):

the northern half of the Birds Head, of which the nu-

cleus is formed by the continental Kemumterrane;

and the southern half, formed by the Misool micro-

continent. The latter includes Misool Island and the

Onin and Kumaua peninsulas. On the basis of strati-

graphic comparison, it was concluded that the Misool

microcontinent rifted in late Lias (approximately 175

40 Ma B 25 Ma

Australian craton

Terranes that had dqcked by 25 Ma

Terranes that had docked by 15 Ma

Terranes that had docked by 10 Ma

Terranes that had docked by 2 Ma

Fig. 17. The accretion history of New Guinea after Pigram & Davies (1987). A. 40 Mya, the pre-accretion outline of the

Australian plate; B. 25 Mya, accretion of the composite Sepie Arc terrane; C. 15 Mya, accretion of the East Papua Composite

terrane; D. accretion of the Birds Head microcontinents, the northern NewGuinea terranes, and the Finisterre terrane; E. 2

Mya, accretion of the Arfak, Tamrau, and Waigeu terranes to the Birds Head, and the Cyclops mountens to northern New
Guinea, and the arrival of the Bismarck terrane at NewGuinea.
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Mya) from central Papua New Guinea, while the

Kemummicrocontinent rifted in Aptian times (ap-

proximately 135 Mya), possibly from as far east as

present-day northern Queensland (see also the palae-

ogeographic reconstructions in Struckmeyer et al.

1993). Palaeomagnetic data from the Kemumterrane

show that a large-scale Neogene clockwise rotation

can be ruled out for that microcontinent and support

the theory that Kemumderived from the northeas-

tern margin of the Australian craton (Giddings et al.

1993). Instead, Kemumunderwent a 55° anticlock-

wise rotation between Triassic - Early Jurassic and

Middle - late Eocene, which these authors relate to its

rifting off the Australian margin. The two Birds Head

microcontinents were carried westward by the Pacific

plate and joined by the end of the Oligocene (26

Mya). The composite Misool - Kemumterrane then

amalgamated with the Lengguru terrane by late

Miocene (10 Mya), which may or may not have in-

volved the accretion of these terranes to the

Australian craton since it is not clear whether

Lengguru formed an integral part of that craton or

has a history of displacement of its own (Pigram &
Davies 1987).

NewGuinea

By 25 Mya Australia entered the subduction zone

at the southern margin of the Pacific and Philippine

plates, where composite terranes had been assembled

(Pigram & Davies 1987). These terranes were com-

posite since fragments that had rifted from the

Australian continent had preceded that continent in

reaching the subduction zone where they had collided

with parts of the oceanic OMA. When Australia

reached this subduction zone, its northern craton col-

lided in the first of a series of collisions with the part

of the composite OMAthat is known as the Sepik

Arc (fig. 17b). To this arc fragment belonged the

Sepik terrane in Papua NewGuinea, and presumably

the Rouffaer terrane in Irian Jaya (cf fig. 16).

Volcanism in the Sepik terrane started possibly as ear-

ly as late Cretaceous, but the terrane did not emerge

until the Oligocene (38-26 Mya) (Dow 1977). The

collision between the Australian plate and the Sepik

Arc was oblique, started in the west of present-day

New Guinea and propagated eastward (Daly et al.

1991). It had, apart from the above discussed rifting

and displacement of the Moluccan microcontinents,

three major efi^ects.

First, the collision lead to an inversion of the sub-

duction zone. Prior to the collision, the Tethys Sea

was being subducted northward under the Pacific

plate. After the accretion of the Sepik Arc to the

Australian continent, when the Tethys Sea had been

completely consumed by subduction and due to the

continued northward movement of Australia, a part

Australian plQte Tethys Sea plofè'~'<nV|'|jl Pacific piote

Fig. 18. The accretion history of New Guinea in cross sec-

tions. A. 30 Mya, the Tethys Sea is being subducted under

the Pacific plate and Australia approaches the Sepie Arc; B.

25 Mya, the Sepie Arc has colided to Australia, the subduc-

tion has reversed and the Pacific plate (the Solomon Sea) is

being subducted under under the Australian plate, Australia

approaches the northern New Guinea terranes; G. 10 Mya,

the northern NewGuinea terranes have colided to Austtalia

Australia approaches the Gyclops terrane; D. present, the

Gyclops terrane has collided to northern NewGuinea.

of the Pacific plate, the Solomon Sea, was forced to

subduct southward under the Australian plate, or

rather under the newly accreted Sepik Arc tetranes

(fig. 18).

Second, the collision initiated orogenesis in what is

now central New Guinea, which resulted in the for-

mation of the central mountain ranges. These central

mountain ranges are thus for the greater part derived

from the Australian craton, but along their northern

slopes they contain parts of Sepik Arc origin. Pigram

& Davies (1987) state that orogenesis started in the

middle or late Oligocene. All older. Eocene, deforma-

tion found in New Guinea resulted from the afore

mentioned island arc - microcontinent collisions that

had preceded the Australia - Sepik Arc collision.

These collisions occurred far away from the

Australian craton.

Third, a foreland basin developed behind (south of)

the collision zone (Pigram et al. 1989). The weight of

the accreted Sepik Arc terranes pushed down the

northern parts of the Australian continent (southern

190



De BoeR: Islands and cicadas in the west-Pacific

Fig. 19. The development of a

foreland basin between the New
Guinea otogen (the Sepik Arc

terrane) and Australia. A (top).

Late Eocene, border of the

Australian continent prior to the

Sepik Arc collision; B (bottom).

Early Miocene, an epicontinen-

tal sea covering present-day

southern New Guinea. From

Pigrametal. (1989).
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NewGuinea and northern Queensland), causing their

submergence. Southern New Guinea had been emer-

gent before the development of that basin, during

Eocene and Oligocene (Dow 1977). Only a small area,

the Kubor Range in the central mountains of Papua

New Guinea, was not pushed down by the Sepik Arc

terranes. This terrane is also of microcontinental origin

and has a history of displacement (Struckmeyer et al.

1993), but comprises presumably the only part of con-

tinental New Guinea that has continuously been

above sea level (Dow 1977). The foreland basin

stretched as a shallow epicontinental sea over what is

now southern NewGuinea from the Coral Sea to the

Indian Ocean. This basin was about 6-700 km across

(figs. 18, 19) and existed for 18 million years (Pigram

et al. 1989). The implications for biogeography are ob-

vious. The foreland basin must have formed an impor-

tant barrier for many animals and plants, separating

the New Guinea otogen from the Australian conti-

nent. Sedimentation of erosion products from the de-

veloping mountain ranges in central NewGuinea suc-

cessively filled the foreland basin and since about 10

Mya (Pigram pers. comm.) the marshy lowland of

southern New Guinea (re)emerged. During the last

glacial period of about 18 thousand years ago a global

sea level drop of 100-150 m occurred during which

southern New Guinea was continuous with the

Australian mainland (Veevers 1991).
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Fig. 20. The accretion history of the Papuan peninsula according to Pigram & Davies (1987). A. Late Cretaceous (70 Mya),
the East Papuan terranes form an archipelago; B. late Oligocene (26 Mya), the islands of the archipelago have amalgamated
to a single block, the East Papua Composite tettane; C. late Miocene (± 10 Mya), the East Papua Composite tettane has ac-
creted to NewGuinea and Finisterre approaches on NewGuinea; D. recent, the East Papua Composite terrane is being dis-
membered by the opening of the Woodlark Basin.

To the east of the Sepik Arc a large composite

block was formed by the amalgamation of several ter-

ranes of diverse origin (fig. 20). Volcanism in this area

started in late Cretaceous (appr. 70 Mya) (Dow
1977). The amalgamation of this block may have

started as early as 52 Mya when the Owen Stanley,

Dayman, and Bowutu terranes collided. In fact, here

we find an example of the older Eocene orogen in

NewGuinea, as mentioned above. By late Oligocene

the Menyama terrane had amalgamated with this

composite terrane (Pigram & Davies 1987). Parts of
this composite block are emergent since the

Oligocene (Dow 1977). The formation of this East

Papua Composite terrane, as it is called by Pigram &
Davies, which also comprised the D'Entrecasteaux

Islands, the Woodlark Plateau and the Port Moresby
and Kutu Terranes (cf. fig. 16), was completed by the

end of the Oligocene (26 Mya) and was then separat-

ed from the Australian craton by an oceanic basin.

The Menyamya, Port Moresby, and Kutu terranes

(cf. fig. 16) are possible remnants of this oceanic ba-

sin. This basin was separated from the Coral Sea by a

long salient of the Australian craton, which was made
up by the Eastern, Papuan, and possibly the

Louisiade Plateaus (Pigram & Davies 1987). The
Eastern and Papuan plateaus were formed together

with the Queensland Plateau during 'cretaceous mar-

gin extension' and became detached from the

Queensland Plateau by sea floor spreading (Pigram &
Symonds 1991). In middle or late Miocene (appr. 15

Mya), the East Papua Composite terrane, which was
carried westward by the Pacific Plate as part of the

OMA, collided with the aforementioned salient of

the northward moving Australian continent to form
the Papuan peninsula (figs. 16, 17c, 20c). This area

remained long separated from the other parts of New
Guinea by the north-south tending Aure Trough (fig.

20d, 21) (Dow 1977). This Aure Trough, which
marks the eastern edge of the Australian continental

plate, became slowly filled with sediments from the

adjoining developing mountains, but may have exist-

ed until the Finisterre terrane joined New Guinea
(about 2 Mya see below). Dow (1977), however,

states that a connection between the Bismarck Range
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of central Papua New Guinea and the Owen Stanley

Range of the Papuan peninsula may have existed

since late Miocene. The eastern part of the East Papua

Composite terrane is currently being dismembered by

the opening of the Woodlark Basin as a result of sea

floor spreading, which incidentally explains why no

other arc terranes have accreted here since (Pigram &
Davies 1987). Instead of approaching, terranes are at

present being pushed away from the Papuan peninsu-

la.

Next, the terranes that now form the northern

mountain ranges of NewGuinea (viz., the Torricelli,

Prince Alexander, and Mr. Turn terranes in Papua

NewGuinea and the Gauttier terrane, which possibly

is a dismembered portion of the Torricelli terrane, in

Irian Jaya (cf fig. 16)), accreted to NewGuinea after

the consumption of the western part of the Solomon

Sea Basin under the Sepik Arc (figs. 17d, 18b)

(Pigram & Davies 1987; Honza 1991). These ter-

ranes reached NewGuinea approximately 10 Mya, at

about the same time that the microcontinents of the

Birds Head collided with western New Guinea. It is

not clear what the exact position of these northern

New Guinea terranes was within the historic island

arc. Since they reached New Guinea later, they may
have come from farther east than the components of

the East Papua Composite, which means that they

must have passed north ofthat block. In this respect,

a remark of Packham (1973) about northern New
Guinea might be significant. He states that: 'the dep-

osition of elastics (in northern NewGuinea) after the

Oligocene orogenesis took place to the north of the

large mafic and ultramafic bodies such as those that

occur in the western Central and Bismarck Ranges.'

The mechanism of this passing is not well under-

stood, but the suggestion of Pigram & Davies (1987)

that the opening of the Woodlark Basin prevented

further accretion to eastern Papua New Guinea, may
be relevant here. Seafloor spreading in the Woodlark

Basin might well have influenced the direction of the

OMAfragments, leading them around the Papuan

peninsula towards northern NewGuinea. As a matter

of fact, at present we might see a similar mechanism

at work in the Bismarck Archipelago, where the

Admiralty Islands, New Hanover, New Ireland and

in their rear the Solomon Islands, apparently curve

around New Britain on their way to the north coast

of New Guinea. In their palaeogeographic recon-

struction of the late Eocene, Struckmeyer et al.

(1993) situate the northern NewGuinea terranes, the

Finisterre terrane, and part of the Bismarck terrane al-

ready to the north of the East Papua Composite ter-

rane (fig. 56). The northern NewGuinea terranes are

doubtlessly younger than the Sepik Arc and the East

Submerged continent or Arc fragments

Land

Probable extent of manne trough

Fig. 21. Early Miocene reconstruction of dry land in Papua New Guinea, showing the position of the Aure Trough. From
Dow (1970). The emerged or submarine state of land masses is indicated in their present-day locations. Of course, the actu-

al location of terranes like the Bismarck Archipelago and Finisterre was still far removed from NewGuinea in Early Miocene.
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20Mya

North Fiji

Basin

Fig. 22. Palaeogeographic re-

construction of a continuous

East-Melanesian Arc (20

Mya), showing Vanuatu Un-

king the Solomon Islands to

Fiji, and the approaching col-

lision between the Solomon
Islands and the Ontong Java

plateau. From Packham

(1973).

Papuan block; the first volcanism in the Bewani and

Torricelli mountains originates from the Eocene,

while these terranes emerged in early Miocene (Dow

1977). After the northern New Guinea terranes had

accreted they broke off the Pacific plate and the sea

floor to the northeast of these terranes, the Bismarck

Sea, started to subduct (fig. 1 8c)

Soon after or simultaneously with the accretion of

the northern NewGuinea terranes, the Finisterre fer-

rane, which comprises the Finisterre range and the

Huon peninsula of New Guinea (fig. 16), arrived at

the NewGuinean coast. This Finisterre terrane might

earlier have formed a single linear island arc segment

with New Britain, New Ireland, Manus island, and

the Solomon Islands (Pigram & Davies 1987).

Accretion of the Finisterre terrane to New Guinea,

along the Ramu - Markham Fault zone, may have

started about 10 Mya in the west (which would mean
at the same time as the other north NewGuinea ter-

ranes), propagated eastward, and was completed by

approximately 2 Mya (fig. 17d, e) (Pigram & Davies

1987). However, Silver et al. (1991) presume that the

accretion of Finisterre started much later, less than 3

Mya. Abbot & Silver (1991) state that the southern

part of the Finisterre region was at bathyal depths at

this time and remained so until at least 1.1-1.3 Mya,

when the continuing collision caused its uplift. The

Finisterre terrane is again younger than the terranes of

northern New Guinea. Although volcanism also

started in Eocene, it suddenly ceased in early

Miocene, and the Finisterre terrane did not emerge

until after Miocene (Dow 1977).

When the accretion of Finisterre was completed,

some smaller terranes had likewise been added to north-

ern New Guinea after parts of the Bismarck Sea had

been consumed by subduction (Biak and Japen Islands,

and presumably the Cyclops Mountains) (fig. 1 8d) and

to the northern Birds Head (Arfak and Waigeu cf. fig.

16) (Pigram & Davies 1987). The Finisterre terrane,

being the last of the larger blocks that became accreted to

NewGuinea does, in this respect, an honour to its name

that has never been thought of.

The Bismarck Archipelago presumably reached

NewGuinea in the rear of the Finisterre terrane.

East-Melanesian Archipelagos

To the east of the Bismarck Archipelago, the OMA
apparently continues in the Solomon Islands,

Vanuatu (the New Hebrides), Fiji, and in the Lau

and Tonga ridges. The Samoan islands are presuma-

bly hot-spot related, as their westward increasing age

and subparallelism to other chains of hot-spot origin
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lOMya
Fig. 23. Palaeogeographic re-

construction of the disrupted.

East-Melanesian Arc (10

Mya) after the colhsion be-

tween the Solomon Islands

and the Ontong Java plateau.

Vanuatu rotates clockwise to

the south, Fiji becomes isola-

ted, and the Lau and Tonga
ridges separate. From Pack-

ham (1973).

suggest (Ewart 1988). The Samoan chain, however,

shows active volcanism at both its northwestern and

southeastern ends, which apparently opposes the 'hot

spot' hypothesis. Furthermore, there are indications

that, for the last 13.5 My, the Samoan shield volcanos

were formed at approximately the same distance from

the eastward migrating Tonga trench, which indica-

tes that Samoa could, at least partly, be related to the

OMAsystem (Ewart 1988).

The eastern parts of the OMAdeveloped during

Eocene as a continuous island chain, with Vanuatu

linking the Solomon Islands to Fiji and Tonga (fig.

22) (Packham 1973; Ewart 1988), but remained

mainly submarine until early Miocene (Gill &
Gorton 1973). Similar to the western parts of the

OMA, these eastern parts arose along the margins of

the Pacific plate. Yet, there is a fundamental differ-

ence between these two parts of the arc. The OMA
west of the Solomons, which possibly includes the

northeastern part of the Solomon chain, evolved as

the result of an initially northward subduction of the

Tethys Sea under the Pacific plate. The polarity of

this subduction was reversed after the collision of a

part of the OMA(the Sepik Arc fragment) with the

Australian continent (see above and fig. 18). From

the Solomons eastward, the subduction was initially

south- and westward directed, where the Pacific plate

was being subducted under the South Fiji Basin (fig.

22) (Gill & Gorton 1973; Ewart 1988) and reversed

in the Solomon and Vanuatu region after collision of

the Solomon chain with the Ontong Java Plateau in

the middle or late Miocene (cf. fig. 23) (Packham

1973; Fionza 1991). The Ontong Java Plateau, which

is about two thirds the size of Australia, consists of

volcanic rocks and is supposed to have formed about

120 Mya in a very short time (less than 3 million

years). This and similar oceanic plateaus represent

upwellings of magmawhich erupted as tremendous

floods of lava, they are referred to as Large Igneous

Provinces (Coffin & Eldholm 1993). Before the col-

lision between the Solomon chain and the Ontong

Java Plateau, as Packham (1973) specifically states:

'the NewFiebrides would have behaved as part of the

Australian plate, while now they form part of the

Pacific plate', and we may conclude that that would

then also have been the case for the (southeastern)

Solomon Islands and Fiji. The initially single

Lau/Tonga ridge also developed in association with

the Australian continent, and rifted eastward since

the late Oligocene opening of the South Fiji Basin
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170° 175

Fig. 24. Schematic reconstruction of the Break-up of the East-Melanesian Are. Stage I, late Eocene-Oligocene, Vanuatu, Fiji,

and Tonga form a continuous chain; Stage II, Miocene, Vanuatu starts rotating clockwise to the south; Stage III, Pliocene-

Pleistocene, Fiji gets isolated and the Lau and Tonga ridges separate by the opening of the Lau Basin. From Ewart (1988).
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Fig. 25. The geological pro-

vinces of the Solomon Islands.

From Hackman (1973).

(Ewart 1988). Burrett et al. (1991) also recognize this

relationship with Australia and assume that the eastern

parts of the OMA, notably the Fiji islands, contain rift-

ed parts of Gondwana origin. The Vitiaz Trench

Lineament, marked by the volcanic Rotuma and

Wallis islands, and the Cape Johnson Trough might be

the remnants of the original, southward directed, sub-

duction site (Gill & Gorton 1973; Ewart 1988). At

present the Pacific plate is being subducted westward at

the Tonga - Kermadec Trench (Ewart 1988).

The collision of the Solomon chain with the

Ontong Java Plateau (approximately 9-12.5 Mya),

which resulted in the reversal of subduction, and the

simultaneous collisions in northern New Guinea, or

collisions with Pacific seamounts (as suggested by

Ewart 1988) may all have caused the disruption of the

eastern part of the OMA(Gill & Gorton 1973). This

disruption may have started directly following these

events, with the clockwise rotation of the New
Hebrides by the opening of the North Fiji Basin and
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the subduction of an ancestral North Fiji Basin (cf.

fig. 24). Dating the onset of the rotation of the New
Hebrides as early as middle Miocene is consistent

with the age of faulting in the NewHebrides (see al-

so Honza 1991) and of an uplift in Fiji. On the

other hand, a change of volcanism on Fiji and in the

New Hebrides suggests that this rotation and dis-

ruption started much later, less than 5.5 Mya (Gill

& Gorton 1973). In that case, the rifting between

Fiji and the New Hebrides would have started si-

multaneously with the opening of the Lau - Havre

Basin at about 5 Mya (Ewart 1988; Honza 1991),

which caused the rifting of the Tonga - Kermadeck

ridge from the Lau - Colville ridge and an anti-

clockwise rotation of Fiji. By 3 Mya these rifting

and rotation events had caused a complete isolation

of Fiji relative to other parts of the OMA(fig. 24)

(Ewart 1988).

Solomon Islands

The Solomon Islands can be divided into four geolo-

gical provinces (fig. 25) (Hackman 1973). The Central

province, of Oligocene - Miocene age comprises Buka,

Bougainville, Choiseul, Santa Isabel, Florida, Guada-

lcanal, and San Cristobal. This central province is flan-

ked in the northeast by the Pacific province (Malaita and

Ulava) and in the southwest by the Volcanic province

(part of Bougainville, the NewGeorgia group, and part

of Guadalcanal); these two provinces are both of

Pliocene age. The Atoll province, finally, includes the

atolls on the Ontong Java Plateau to the north of

Malaita, and Bellona and Rennell Islands, south of

Guadalcanal. This latter province does not form a geolo-

gical entity. According to Silver & Smith (1983) Malaita

contains a slice of the Ontong Java Plateau, while Honza

(1991) states that the whole Eastern, Pacific, province is

a marginal part ofthat plateau.

Vanuatu

VOLCANIC BELTS

^^^1 Pliocene lo Recent

Water depth m km

Fig. 26. The distribution of

three volcanic belts in" Va-

nuatu. From Mallick (1973).

Late Miocene —Early Pliocene

Pre - Miti Miocene
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Banks Is.

Espi ri ti(sai^o
\,^ I.

1 ^^ fn° Vioba "^ Maewo

\ 5-^ m Pentecost

^ Epi

Malekula

Santa Cruz Is

Fig. 27. The Breal<:-up of

Vanuatu. A (left). Present-

day Vanuatu, B (right), pre

Break-up Vanuatu. From
Gill & Gorton (1973).

The basement of the Central province is similar to

the ultramafic belt of eastern NewGuinea; this prov-

ince apparently continues to the Santa Cruz group,

north of the New Hebrides (Hackman 1973). The

parallel and younger Pacific and Volcanic provinces

possibly developed and emerged as a result of the col-

lision with the Ontong Java Plateau, and the ensuing

reversal of subduction. The presumed continuity

between the Finisterre terrane of New Guinea, New
Britain, New Ireland, Manus, and the Solomon

Islands that was mentioned above might be restricted

to these younger provinces, but that is not explicitly

stated in the literature.

Vanuatu (New Hebrides)

Mallick (1973) and Honza (1991) recognize three

volcanic belts in the New Hebrides, linked to three

periods of volcanism: a pre-middle Miocene Western

belt (Espiritu Santo and Malekula), a late Miocene -

early Pliocene Eastern belt (Maewo, Pentecost and

parts of Epi and Efaté), and a Pliocene to Recent

Central belt consisting of the remainder of the archi-

pelago (fig. 26). The formation of the Eastern belt is

possibly related to the reversal of subduction and to

the onset of rotation of the New Hebrides that fol-

lowed on the Ontong Java collision. The Central belt

results from the fact that the New Hebrides ridge is

currently being split in two. This splitting is expressed

by the Y-shaped configuration of the island group

and by the fault zones across Epi and Efaté (Mallick

1973; Gill & Gorton 1973) and is analogue to the

splitting of the Lau and Tonga ridges, that occurred

in late Miocene. Maewo and Pentecost islands move

eastward, Espiritu Santo and Malekula westward (fig.
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27). The subduction zone to the west of the New
Hebrides is interrupted at Espiritu Santo and

Malekula, where the east-west hneations of the

D'EntracasteatLx zone of the Coral Sea Basin abut

against the New Hebrides ridge (Malhck 1973).

These westward moving islands possibly overrode the

subduction zone and filled the trench belonging to

that zone with detritus. The deep Aoba Basin to the

east of Espiritu Santo and Malekula resulted from this

collision with the D'Entrecasteaiuc ridge (Honza

1991).

Fiji

Seismic activity on Fiji is less intense than in the

surrounding Tonga and New Hebrides arc-trench

systems. The development of Fiji as a landmass ap-

pears to have begun with submarine volcanic erup-

tions upon a segment of 'quasi-continental' crust,

'along structurally determined lines; critical zones of

weakness incepted in the primordial oceanic crust'

(Green & Cullen 1973). The oldest rocks on Fiji are

of Eocene age, which is older than on surrounding is-

land chains. Middle to late Eocene volcanism on the

island of Viti Levu may predate the OMAand be re-

lated to the Norfolk - New Caledonia - D'Entre-

casteatLx ridges (Ewart 1988). Burrett et al. (1991)

suppose that part of the Fiji islands rifted from the

Australian part of Gondwana. However, a well evol-

ved OMA, including the Fiji group, existed by mid-

dle Oligocene (Ewart 1988).

Since the opening of the Lau Basin (5 Mya) and

the break-up of the island arc Fiji has rotated anti-

clockwise out of the OMAfor 21-60°, and so became

separated from the Tonga - Kermadec ridge (Ewart

1988). The presence of post rotational fractures sug-

gests that this rotation has ceased some considerable

time ago (Green & Cullen 1973). The greater part of

Fiji has probably been emerged since middle Miocene

(Ewart 1988).

Lau islands

The Lau islands include atoll reefs and islands sur-

rounded by barrier and fringing reefs.

The northern islands of Yacata and Nayua are sup-

posed to have formed an extension of the New
Hebrides western volcanic belt during middle

Miocene (Ewart 1988) until the Lau and New
Hebrides ridges commenced to separate. A period of

subsidence of the Lau islands evidently occurred fol-

lowing this separation, as is indicated by the reef

growth, but the older, eroded, volcanos and reefs re-

emerged in late Pliocene to Quarternary (Ewart

1988).

Tonga
The Tonga ridge comprises two parallel chains of

islands: a western arc of active volcanos (the Tofua

arc), and an eastern, volcanically inactive, arc compri-

sing the Vava'u, central Ha'apai, Nomuka, and

Tongatapu island groups.

The Tonga chains evolved in middle Eocene as

part of a single Lau - Tonga ridge (fig. 24), possibly

near, or attached to, the Norfolk - New Caledonia

ridge, as the middle Eocene volcanism on the island

of 'Eua suggests; this volcanism predates the age of

the South Fiji Basin. The Lau - Tonga ridge did not

emerge until late Oligocene, after the opening of the

South Fiji Basin. Most of the Tonga ridge was sub-

merged again during the Miocene until the opening

of the Lau Basin, which separated Lau and Tonga
(fig. 24), initiated a new uplift by the end of the

Miocene (Ewart 1988). The Tonga ridge currently

collides in the east with the Louisville ridge. The
Tofiia arc volcanism is of Plio —Holocene age and is

possibly related to this collision and to the subduction

of the Louisville ridge (Ewart 1988).

BlOGEOGRAPHYOF THE CICADAS OF SULAWESI, NEW
Guinea and the west Pacific

NewGuinean cicadas

The cicadas of New Guinea can be classified into

four major groups: 1) the subtribe Cosmopsaltriaria

Kato, 1932 (sensu Duffels 1983), 2) the tribe

Chlorocystini Distant, 1905 (sensu stricto: De Boer

1995d), 3) the oriental Prasiini (sensu De Jong 1985)

of the tribe Prasiini Matsumura, 1917, and 4) the tri-

be Cicadettini Buckton, 1890. The Cosmopsaltriaria

belong to the family Cicadidae, the other three

groups to the family Tibicinidae; these families are

easily distinguished by the presence or absence of

tymbal coverings, sclerotized plates derived from the

second tergite that cover the tymbal organs.

Within NewGuinea the Cosmopsaltriaria and the

Chlorocystini are by far the most speciose groups of

cicadas. Both these groups are widely distributed in

New Guinea and the western Pacific, while the

Cosmopsaltriaria extend westward to Sulawesi (com-

pare figs 28 & 29). The oriental Prasiini, the pre-

sumed sister group of the Chlorocystini, are repre-

sented on New Guinea by the small genus Arfaka

Distant, 1905 (3 species in the Birds Head area); by

about ten undescribed and three described species of

the genus Lembeja Distant, 1892; and by some unde-

scribed species with uncertain relationships; but most

species of the oriental Prasiini are endemics of

Sulawesi (fig. 29). The Cicadettini form a large tribe

with an almost world-wide distribution, they are es-

pecially numerous in Australia and New Zealand,

and, in fact, all New Zealand cicadas belong to that

tribe. The phylogenetic relationships within the

200



De BoeR: Islands and cicadas in the west-Pacific

Fig. 28. Distribution of the

subtribe Cosmopsaltriaria and

its presumed sister group the

genus Meimuna (sensu stricto,

De Boer & Duffels in prep).

Cicadettini are very uncertain, and their monophylet-

ic origin must be considered doubtful. The

Cicadettini are represented on New Guinea by a

small number of species assigned to three genera: the

genus Toxopeusella Sòimiàt, 1926 (with four species.

see Boulard 1981); the monotypic genus Auta

Distant, 1897; and presumably by the genus

Pauropsalta Coding & Froggatt, 1904, which is

based on one specimen of P. eyrey (Distant, 1882)

from Sogeri in eastern Papua New Cuinea.

Fig. 29. Distribution of the

sister tribes Chlorocystini

and Prasiini and their presu-

med sister group the genus

Muda.
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Fig. 30. Areas of endemism in the southwest Pacific

Furthermore, there are two or three undescribed spe-

cies, that possibly belong to Auta and one that pre-

sumably belongs to Pauropsalta. The New Guinean

Cicadettini presumably have their nearest relatives in

Australia.

The present paper intends to make a comparison of

biogeographical and area cladistic patterns found in

the Cosmopsaltriaria, based on the revisionary work

of Duffels (1977 and later works), and in the

Chlorocystini, based on revisions by the present au-

thor (De Boer 1982 and later works). Revisionary

work on the oriental Prasiini is not completed and, by

lack of a reliable phylogenetic reconstruction, biogeo-

graphic and area cladistic reference to that group

must be restricted to some provisional observations.

Data concerning the oriental Prasiini are derived

from revisionary work of De Jong and Duffels

(1981), De Jong (1982 and later works), and unpub-

lished data of the latter author (see De Boer 1995d).

The oriental Prasiini are included in the phylogenetic

and area-cladistic reconstructions as the presumed

sister group of the Chlorocystini. The Cicadettini are

not included in this study, since their distributional

data are too incomplete and their phylogenetic rela-

tionships are too uncertain to allow any conclusions.

Vicariant patterns versus dispersal patterns

The distributional patterns of the cicada genera oc-

curring on New Guinea show that these genera are

not evenly distributed over the island. The various ge-

nera are, so to speak, differently orientated. They
concentrate, often with endemic species, in different

parts of the island. This can be illustrated best by

comparing the distributions of three genera with a

very similar distributional range over Maluku, New
Guinea, and, in two instances, the Bismarck

Archipelago. The patterns of species distribution of

these genera, however, are very different: Aedeastria

De Boer, 1990 (fig. 37) mainly occurs in western

New Guinea, Cosmopsaltria Stal, 1866 (fig. 31) is

most abundant in the central mountain ranges of

NewGuinea, and Gymnotympana Stai, 1861 (fig. 32)

appears to be concentrated in Papua New Guinea.

These patterns, and those of other genera from the sa-

me area, indicate the existence of several areas of en-

demism. Congruence between the distributions of

endemic species(groups) led to the recognition of the

following areas of endemism (fig. 30): Sulawesi,

northern Maluku, southern Maluku, the Birds Head
peninsula of New Guinea, northern, central, and

southern New Guinea, the Papuan peninsula, the

Bismarck Archipelago, and the East-Melanesian ar-

chipelagos. Many of these areas of endemism can be

subdivided into areas of endemism of a lower rank;

these are indicated by monophyletic subgroups of the

groups that indicate the undivided area of endemism.

These areas of endemism must have known a period

of isolation in which their endemic biota could evol-

ve. Keeping the geological knowledge discussed in the

previous chapter in mind, one will realise that many
of the areas of endemism recognized, coincide with

geological entities like microcontinents or fragments

of the Outer Melanesian Arc (OMA), areas indeed

that have known a period of isolation.

It is postulated here, that the different patterns of

distribution among the various NewGuinean cicada

genera, result from an origin of these genera on these
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different geological entities: the microcontinents or

isolated fragments of the oceanic island arcs.

Furthermore, it is postulated that the genera that are

related to the NewGuinean genera and that occur on

Sulawesi, in the western Pacific, or in Australia also

evolved in isolation on different fragments of the is-

land arcs. Many of the vicariant events that separated

the sister genera are apparently none others than the

fragmentation events that occurred within the island

arc systems. This paper aims to investigate the evi-

dence for these postulations, and to reveal the links

between the generic evolution of the two groups of

Indo-Pacific cicadas under study and the palaeogeo-

graphic history of their area of distribution.

After the collision of the OMAwith East Asia, at

least two cicada species are supposed to have invaded

that island arc: they were the ancestors of the

Cosmopsaltriaria and of the oriental Prasiini plus the

Chlorocystini (sensu stricto) together. Howand from

where these ancestors arrived in the arc will be dis-

cussed later. These ancestral species presumably dis-

persed over the entire area of the OMAemerged at

that time. This dispersal was probably not an active

colonisation on the part of the cicadas (the whole

point of selecting cicadas for these biogeographic and

area cladistic studies is, that life cycle and biology of

cicadas oppose to such an active dispersal), but they

were presumably merely carried along in 'waves' of

vegetation, and possibly remained quite stationary

relative to that vegetation, a phenomenon which was

called biotic dispersal (Platnick & Nelson 1978). The
OMAmust not be regarded as a continuous stretch of

dry land in the ocean, but as a chain of volcanic is-

lands with continuously changing interconnections.

The waves of biota that invaded this arc might thus

have shifted up and down the arc, in response to the

fluctuations that occurred in the connections

between the various parts of the arc. Such fluctua-

tions must already have caused some speciation and

when the arc finally broke up, populations of various

species became isolated on its fragments. These pop-

ulations are supposed to be the ancestors of most of

the genera now occurring on Sulawesi, NewGuinea,

and in the western Pacific. Others may have evolved

on rifted microcontinents that had come into contact

with fragments of the arc. As was outlined in the pre-

vious chapter, various fragments of the OMAcollid-

ed at different times and at different locations with

the northern craton of the Australian continent, final-

ly shaping New Guinea as we know it today. It fol-

lows that, if our theory is correct, also the various gen-

era of New Guinean cicadas arrived, travelling on

these arc fragments, on NewGuinea at different loca-

tions and in different times. And here presumably lies

the reason why we see such marked differences

among the distributional patterns of the various New

Guinean genera.

After the accretion of a remnant of the OMAto

New Guinea the biotas on that remnant and on the

other, already amalgamated, parts of New Guinea

could, of course, freely be exchanged by reciprocal

dispersions and diffusions. It is not remarkable that

such dispersals and diffusions also occurred among ci-

cadas and that at present the New Guinean cicada

genera are no longer confined to the historic OMA
fragments on which they once evolved. What is re-

markable is that due to some peculiar biological char-

acteristics of cicadas this diffusion and dispersal re-

mained limited to such an extent that the original

patterns of distribution can still be recognized. Five

major terranes are supposed to have accreted to form

modern New Guinea. These are in chronological or-

der: the Sepik Arc, the East Papua Composite terrane,

the Birds Head microcontinents, northern New
Guinea, and the Finisterre terrane (see the previous

chapter). It is to be expected that the original areas of

endemism of the NewGuinean genera, their ancestral

areas of distribution, coincide with these five terranes.

However, the present-day distributions of the genera

will prove to be the result of a combination of old vi-

cariant events and more recent dispersal events. If the

above outlined scenario is correct, it must be possible

to recognize, up to a certain point, the areas of origin

or 'source areas' of all New Guinean cicada genera,

i.e., the ancestral areas of endemism as microconti-

nents or fragments of the OMA. For the non-New
Guinea genera, fiarthermore, it must be possible to

determine other parts of the island arc systems (e.g.,

Sulawesi, the Bismarck Archipelago or the East-

Melanesian island chains) as ancestral areas of distri-

bution. To recognize these ancestral areas of distribu-

tion we must decide what features in the present-day

distributions are the result of recent diffusions; we
must distinguish between the old vicariant patterns

and the more recent dispersals.

Historical distributions of the genera

In the remaining part of this chapter the probable

areas of origin of the genera of the Cosmopsaltriaria

and the Chlorocystini (sensu stricto) will be discussed

as far as these can be inferred from their present-day

distribution patterns. First, the areas of origin of the

New Guinean genera will be made plausible. Then
the possible origin of the Australian genera of the

Chlorocystini and the non-New Guinean genera of

the Cosmopsaltriaria will be discussed. Finally, some

remarks will be made on the distribution of the orien-

tal Prasiini.

A concentration of species and especially of endem-

ics of the NewGuinean genera in any of the five pos-

sible areas of origin listed above is regarded as an indi-
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Fig. 31. Distribution of the species of Cosmopsaltria: doryca (1), lata (2), halmaherae (3), gracilis (4), huonensis (5), gestroei (6),

gigantea {7), mimika (8), aurata (9), signata (10), meeki (1 1), satyrus (12), personata (13), bloetei (14), emarginata (15), ciî/'/-

tótó(16), loriae{\7), delfiie (18), papuensis {19), retrorsa (20) , toxopeusi (21) , waine {22), kaiensis {23)

.

cation that the genus in question originates from that

particular area. Species with a relatively large distribu-

tion area are considered less informative, since they

are obviously better dispersers. The occurrence of the

genera outside their presumed area of origin can gen-

erally be explained by recent dispersals. It is not

strange then that these occurrences generally concern

species with a relatively wide distribution. Those gen-

era of which the distributions most distinctly indicate

a certain area of origin will be discussed first. For

other genera where a concentration of endemic spe-

cies is less obvious, a probable area of origin can ofi:en

be inferred from a comparison of the similarities and

dififerences in distribution patterns between these

genera and those showing more lucid patterns. Such a

comparison is allowed since genera that arrived on

NewGuinea on the same arc fragment must have had

similar dispersal capacities and might therefore show
similar dispersal patterns. Nevertheless, it will appear

that genera which are supposed to originate from the

same fragment can still show marked differences in

distributions. Such differences must possibly partly

be explained by the fact that these arc fragments

themselves oft:en are of a composite nature and that

different parts of them might, at different times, have

had different connections to other parts of the histor-

ic island arcs. Furthermore, the distribution patterns

of several genera indicate more than one area as the

area of origin, in that various monophyletic sub-

groups show a different area of concentration. In such

cases, where the arbitrary classification in genera ap-

parently does not coincide with the main fragmenta-

tion events of the island arcs, these areas together are

regarded as the area of origin. This does not necessar-

ily mean that these genera are non-monophyletic; the

geological events merely caused vicariant speciation

within species groups that are classified as genera.

The NewGuinea orientated genera

Cosmopsaltria Stal

One of the most remarkable distribution patterns

was found for the genus Cosmopsaltria Stil, 1866 (fig.

31). For exact data on the distribution of the species

see Duffels (1983, 1988c, 1988d) and Duffels & Van
Mastrigt (1991). The genus is, apart from a species

incertae sedis from the Fiji islands (C. vitiensis), res-

tricted to New Guinea, Maluku, and the Bismarck

Archipelago and by far most of its species are restric-

ted to the central mountain ranges of New Guinea.

The distributions of these species often span the

whole length of these mountain ranges, from the

Wissel lakes area in the west to well into the Papuan

peninsula. Only three species (C. gestroei, C meeki,

and C. loriae) are endemic to the Papuan peninsula.

Several of the central mountain range species have a

wider distribution, extending either to the northern

parts of Cendrawasih (C papuensis), or to northern
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Gymnotympana

156°

Fig. 32. Distribution of the species of Gymnotympana: varicolor (1), rufa (2), hirsuta (3), olivacea (4), verlaani (5), montana

(6), viridis (7), dahli (8), strepitans (9), rubricata (10), langeraki {\\) , nigravirgula (12), parvula (13), stenocephalis (14), »2fw-

^ra«^ (15), minoramembrana (16), phyloglycera (17), stridens (18), subnotata (19), obiensis (20).

NewGuinea (C aurata, C. mimica, C. papuensis), or

to the Bismarck Archipelago (C. mimica). Two small

species groups, the doryca group and the gracilis

group, occur almost exclusively outside the central

mountain ranges. The C. (^oryc^ group (C. doryca, C.

halmaherae, and C /^tó), being the sister group of all

other Cosmopsaltria species has a western distribution.

C. doryca has a wide distribution in western New
Guinea (including the most western part of the cen-

tral mountain ranges) and Halmahera, C. lata is en-

demic to Ambon, Burn, and possibly Timor, and C
halmaherae is endemic to Halmahera island. The gra-

cilis group ( C gestroei, C. gracilis, and C. huonensis) is

the sister group of the 'mimica complex' (all

Cosmopsaltria species minus the doryca and gracilis

groups). C. gestroei is distributed in the Papuan pe-

ninsula, C. gracilis occurs in central northern New
Guinea and is recorded with doubt from the eastern

end of the Papuan peninsula, and C. huonensis is

known from a single locality on the Huon peninsula.

Finally, several species of the 'mimica complex' are

endemic to areas other than the central mountains. C
kaiensis is endemic to the Kai islands to the south of

NewGuinea and the three species of the C. capitata

group almost encircle the central mountains. C capi-

tata is distributed in north NewGuinea and the Birds

Head, C. delfae occurs in southern New Guinea, on

the Birds Head, and on Aru island, and C loriae is

known from a single locality on the Papuan peninsu-

la.

The concentration of Cosmopsaltria species in the

central mountain ranges of New Guinea, the small

number of endemic species in the Papuan peninsula,

and the fact that the number of co-occurring species

decreases eastward in the Papuan peninsula suggest

that Cosmopsaltria originates from that part of the

OMAthat is known as the Sepik Arc, notwithstand-

ing the fact that only very few Cosmopsaltria species

are actually endemic to the Sepik Arc terranes. The
Sepik Arc was the first part of the OMAthat collided

with NewGuinea (about 25 Mya); its collision result-

ed in the orogenesis of the central mountain ranges

(Pigram & Davies 1987; Daly et al. 1991). The distri-

bution of Cosmopsaltria in other parts of New
Guinea, including the Papuan peninsula, and in the

Bismarck Archipelago, Aru, and the Kai islands is

presumably due to a later dispersal that occurred after

these areas had either successively become accreted to

NewGuinea or had become available during periods

of low sea levels. The occurrence of the basal C. dory-
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ca group in Maluku might represent an older pattern,

indicating a historical relationship between a part of

Maluku with the Sepik Arc; but the wide distribution

of C. doryca from the central mountains to Halma-

hera and the recent emergence of the south Moluccan

islands makes a recent westward dispersal equally

plausible. Moreover, the distribution of the C. doryca

group shows much resemblance to that of the

Baeturia conviva group (see below, fig. 39), which in-

dicates that they may result from a similar dispersal

event. Since Baeturia, as will be explained below, is

supposed to have arrived on New Guinea about 15

My later than Cosmopsaltria, its occurrence in

Maluku is almost certainly of a fairly recent date.

Gymnotyntpana Stal

Gymnotympana Stal, 1861 of the Chlorocystini

shows a quite different distributional pattern than

Cosmopsaltria. Apart from two endemic species (G.

hirsuta and G. verlaanî) in central Papua New
Guinea, this genus is virtually absent in the central

mountain ranges (fig. 32). For exact data on the dis-

tribution of the species see Moulds (1990) and De
Boer (1995a). Gymnotympana is distinctly concentra-

ted in eastern NewGuinea, and more precisely on the

Papuan peninsula. Of the 20 species of Gymnotym-

pana, 15 occur in Papua NewGuinea, 9 of which oc-

cur in the Papuan peninsula, while 6 are endemic the-

re. Moreover, one species ( G. langerakî) is endemic to

the D'Entrecasteaux islands, which in geological sen-

se form a part of the Papuan peninsula. A monophy-

letic subgroup of three species is restricted to north-

ern Maluku and a monophyletic subgroup of two

species is endemic to northern Queensland. The

Australian species Venustria superba might belong to

the latter group (see the section on the Australian ge-

nera below and De Boer 1995 a, d). Three relatively

widely distributed species (G". dahli, G. membrana,

and G. rubricata) occur in northern NewGuinea and

the Papuan peninsula, while G. dahli extends even

farther westward to Biak and to Manus and New
Britain.

Gymnotympana presumably originates from the

Papuan peninsula, the East Papua Composite terrane

as defined by Pigram and Davies (1987), although

part of northern Maluku presumably also formed part

of the ancestral distribution area. A presumed origin

on the East Papua Composite terrane seems to be cor-

roborated by the occurrence of the genus on the

D'Enterecasteaux islands, the Louisiade archipelago

and on Woodlark island; these islands are supposed

to have formed part of, or been related to, the East

Papua Composite block. On the other hand the fact

that two of the three species distributed on these is-

lands (G. rubricata 2inà G. strepitans) have a wider dis-

tribution in NewGuinea, makes a dispersal into the-

se islands, possibly during Pleistocene low sea levels,

equally plausible.

The occurrence of Gymnotympana species (wide-

spread or endemic) in northern NewGuinea, central

Papua New Guinea, the Bismarck Archipelago, and

northern Queensland is presumably due to recent dis-

persals, that took place after the accretion of the

Finisterre terrane and the termination of the isolation

of the Papuan peninsula by the closure of the Aure

Trough. The comparatively wide distributions of

those species that occur in northern NewGuinea and

the Bismarck Archipelago suggest that they more easi-

ly disperse. The two endemics in the easternmost part

of the central mountain ranges presumably got isola-

ted after a westward diffusion of their ancestors, and

the common ancestor of the two (or three, V. super-

bo) endemic Queensland species possibly reached

Australia during one of the glacial related Pliocene-

Pleistocene sea level falls. In that case, one might ex-

pect to find a Gymnotympana species in southern

New Guinea as well; since large parts of southern

New Guinea are hardly accessible and definitely un-

dercoUected such a species might very well exist.

The distribution of Gymnotympana in northern

Maluku did presumably not result from dispersal, but

is supposed to indicate a historical proximity between

the Halmahera arc and the terranes of the Papuan pe-

ninsula. This assumption is based on geological evi-

dence for an eastern origin of Halmahera, the dis-

junction of the Gymnotympana distribution in the

Birds Head area, and the fact that a very similar dis-

junct pattern was found for the genus Diceropyga.

The latter argument indicates that there must be a

common cause for these two distribution patterns

rather than two independent chance disperals.

Diceropyga Stal

The distribution pattern of the genus Diceropyga

Stal, 1870 of the Cosmopsaltriaria (fig. 33) is, as far as

its New Guinean and Moluccan species are concer-

ned, very similar to that of Gymnotympana; a similar

origin on the Papuan peninsula (viz., the East Papua

Composite terrane) and part of the northern

Moluccas seems plausible. Within New Guinea, the-

re is a distinct concentration of Diceropyga species in

the Papuan peninsula; in fact all species that occur on

NewGuinea are recorded from the Papuan peninsu-

la, and several of them are endemic there. For exact

data on the distribution of the species of Diceropyga

see Duffels (1977, 1988b). Diceropyga, just like

Gymnotympana, is almost lacking in the central

mountain ranges and absent in the northern part of

the Birds Head, but reappears in Maluku with a mo-

nophyletic group of four endemic species, the D. ob-

tecta group. The distribution in Maluku also includes

Burn, Seram, and Sula (Z). obtectd). Diceropyga hiLS no
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Diceropyga

Fig. 33. Distribution of the species of D/cfro^j/^iî; clotted line: obliterans group, noonadani{\), novaebritannicae {2) , obliterans

(3); interrupted line: obtecta group, junctivitta (4), bacanensis (5), ochrothorax (6), obtecta (7); uninterrupted line: subapicalis

group, subapicalis (8), n.sp. Numfur (9), n. sp. Biak (10), bicornis (1 1), auriculata (12), woodlarkensis (13), subjuga (14), bi-

hamata {15), gravesteini {\G), major {\7), guadalcanensis {\S), malaitensis {19), bougainvillensis (20), tortifer {2\) , rennellensis

(22), aurita (23), triangulata (24) , novaeguinae (25) , didyma (26).

endemic species in Australia, bur D. subapicalis is wi-

dely disrributed in sourhern NewGuinea, the Aru is-

lands, and norrhern Queensland. The fairly wide dis-

tribution of that species suggests dispersal. Two
species {D. bihamata and D. gravesteini) have a fairly

wide distribution in northern NewGuinea, while D.

gravesteini extends to the Bismarck Archipelago and

Admiralty islands. Furthermore, like in Gymnotym-

pana, the distribution area of Diceropyga includes the

D'Entrecasteaux islands, Misima island of the

Louisiade Archipelago, and Woodlark island, which

all have formed part of the East Papua Composite ter-

rane.

There are, however, also several differences

between the distribution patterns of Diceropyga and

Gymnotympana. Diceropyga has a monophyletic

group of three species (the obliterans group) in the

Bismarck Archipelago, an endemic species on the

Admiralty islands, and no less than eight endemic

species, often restricted to a single island, on the

Solomon Islands. Furthermore, Diceropyga has unde-

scribed endemic species on Biak and Numfur islands

in the Geelvink Bay (Duffels pers. comm.).

The obliterans group is the sister group of all other

Diceropyga species, which suggests that its occurrence

on the Bismarck Archipelago is not due to recent dis-

persal but results from a historical relationship

between the Bismarck Archipelago and the East

Papua Composite terrane. This suggests that the

Bismarck Archipelago should be included in a pre-

sumed ancestral area of distribution. The relatively

wide distribution of D. gravesteini in the Bismarck

Archipelago, however, should probably have to be ex-

plained by a more recent dispersal event.

The occurrence of the obtecta group on Maluku
must presumably be explained by a historical proxim-

ity between the Halmahera arc and the East Papua

Composite terrane, for the same reasons mentioned

above for Gymnotympana, and the Halmahera arc

should be included in the area of origin oï Diceropyga.

The speciation of Diceropyga on the Solomon

Islands too, cannot easily be explained by dispersal.

The Solomon species, which do not form a mono-
phyletic group as was suggested earlier (Duffels 1 977)

(Duffels, pers. comm.), are closer related to the New
Guinean species of the subapicalis group than to the

obliterans group of the Bismarck Archipelago. This

suggests that there has been a historical contact

between the East Papua Composite terrane and the

Solomon Islands, in bypassing the Bismarck

Archipelago. At least part of the Solomon Islands

should be included in the area of origin oï Diceropyga.

Diceropyga triangulata, a species endemic to the

Admiralty islands, is presumably related to the oblite-

rans group and might have dispersed from the

Bismarck Archipelago. The phylogenetic relation-

ships of the two undescribed endemics of Biak and

Numfur are not known and speculations on their

possible origin either due to dispersal or to a vicariant

event are premature.

Thaumastopsaltria Kirkaldy

Thaumastopsaltria Kirkaldy, 1900 of the Chloro-

cystini is, with only seven species, much smaller than

the foregoing genera. For exact data on the distribu-

tion of the species see Moulds (1990) and De Boer

(1992a). Four of the seven species of Thaumasto-

psaltria occur on the Papuan peninsula (fig. 34), but
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Gulneapsaltria

Fig. 35. Distribution of the

species of Guineapsaltria: fla-

va (1), viridula (2), pallida

(3), stylata (4), pallidula (5),

penny i (6), chinai {7) , flaveola

(8).

peninsula (fig. 35), but only two {G. chinai and G.

flaveold) are endemic there. However, apart fi-om G.

flaveola, which also occurs on Sideia island at the eas-

tern tip of the Papuan peninsula, all these species

seem confined to the western half of that peninsula

only. Moreover G. pennyi and G. viridula are recor-

ded only from the most northwestern corner of the

Papuan peninsula.

Five species have a fairly wide distribution in the

northern mountain ranges of New Guinea, including

the Huon peninsula, while two (C. pallida and G. pal-

lidula) are endemic there. G. viridula extends over

northern New Guinea to New Britain and Manus is-

land, and G. stylata extends from northern New
Guinea to half-way down the Papuan peninsula. G.

flava has an extremely wide distribution compared to

other NewGuinean cicada species. That species is dis-

tributed all over New Guinea except for the central

mountain ranges and the eastern part of the Papuan

peninsula, and it also occurs on Aru island and along

the east coast of northern Queensland. G. pennyi, fi-

nally, is restricted to the Huon peninsula and the

northwestern corner of the Papuan peninsula.

Several areas seem equally plausible as area of origin

for Guineapsaltria. Purely on account of the total

number of species and endemics, one would favour

the Papuan peninsula. The distribution of G. flava in

Queensland, which is very similar to that of

Diceropyga subapicalis, Thaumastopsaltria globosa, and

Gymnotympana rufa and G. varicolor seems to corrob-

orate this option, as it could represent a similar dis-

persal event. However, the extremely wide distribu-

tion of G. flava suggests that this species readily

disperses, and the presumption of a similar dispersal

event is therefore not strictly necessary. Furthermore,

the fact that most of the Guineapsaltria species occur-

ring on the Papuan peninsula are only present in the

western half of the peninsula and continue in north-

ern NewGuinea, might indicate that they came there

by dispersal, which makes an East Papua Composite

terrane origin less likely. The only species occurring

in the eastern part of the Papuan peninsula ( G. flave-

ola) is the sister species of the widely distributed G.

flava and might have reached these eastern parts also

by dispersal. Alternatively, Guineapsaltria could orig-

inate from the terranes forming northern New
Guinea, or from the Finisterre terrane. In the latter

case one would expect a greater variety of species on

New Britain and even on New Ireland, since the

Finisterre terrane is supposed to have been connected

to the Bismarck terranes. A supposed origin of

Guineapsaltria on any of the terranes that now consti-

tute northern New Guinea seems the best choice.

This would mean, that Guineapsaltria arrived on

NewGuinea at about 10 Mya.

Rhadinopyga Duffels

Rhadinopyga Duffels, 1985 of the Cosmopsaltriaria

is a fairly small genus with only four species descri-

bed, but five other species that should be included in

this genus still await their description. For exact data

on the distribution of the species see Duffels (1985;

1986). Rhadinopyga is restricted to the Birds Head of

New Guinea and some adjacent islands (fig. 36). R.

epiplatys is recorded from the northwestern corner of

the Birds Head, and from Misool and Bacan islands.

R. recedens is endemic to Salawati, and R. acuminata

and R. impar are endemic to Waigeu. The five unde-

scribed species have an endemic distribution on the

Birds Head and on Roon island (Duffels 1986).
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Fig. 36. Distribution of the

species of Rhadinopyga: epi-

platys (1), acuminata (2), im-

par (3), recedens (4). Black

squares represent localities of

undescribed species.
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This distribution area is of composite geological or-

igin; the greater part of the Birds Head consists of two

microcontinents, the Misool and Kemum terranes,

that accreted about 10 Mya as a single block to New
Guinea. Some terranes in the northern Birds Head

are of OMAorigin, they accreted fairly recently to

New Guinea, about 2 Mya. The extensive speciation

that occurred in and around the Birds Head suggests

a long history of isolation on any of the two micro-

continents rather than a recent dispersal and evolu-

tion since the accretion of the OMAfragments to the

Birds Head. It is therefore supposed that Rhadinopyga

is of microcontinental origin and evolved either on

the Misool, or on the Kemumtettane, or on both af-

ter these terranes had fused. The occurrence of R. epi-

platys on Bacan might be the result of a recent disper-

sal but could also result from the presumed historical

proximity between the Bacan microcontinent and the

Birds Head terranes. The latter possibility, however,

implies that the Bacan microcontinent was emerged

during its westward displacement, while it is sup-

posed that many similar Moluccan microcontinents

were submerged at that time (see chapter 2).

Aedeastria De Boer

Aedeastria De Boer, 1990 of the Chlorocystini is

widely distributed in New Guinea and the northern

Moluccas, but most of its twelve species are found in

western NewGuinea; the Birds Head and, especially,

the islands adjacent to the Birds Head (fig. 37). For

exact data on the distribution of the species see De
Boer (1990; 1993b). Only two species actually occur

on the Birds Head itself: A. cobrops is endemic there

and A. sepia is known from one locality on the Birds

Head, from Roon Island, and from one locality in the

Torricelli mountains. The specimens from these three

localities differ considerably, and it is quite possible

that they represent three separate species (De Boer

1990). Aedeastria has several endemic species on the

islands surrounding the Birds Head: A. kaiensis is en-

demic to the Kai Islands, A. obiensis is endemic to

Obi, and A. waigeuensis is endemic to Waigeu Island.

A. cheesmanae occurs only on Waigeu and Misool.

Two species have a somewhat wider distribution in

the northern Moluccas: A. hastulata is recorded from

Bacan, Halmahera and Morotai, and A. moluccensis

from Obi, Halmahera and Ternate. Only four species

occur east of the Birds Head. A. digitata and A. bulla-

ta are endemics of northern New Guinea, both

known from only one locality, and A. dilobata is

known from one locality on the Papuan peninsula. A.

latifrons, finally, has a fairly wide distribution in Irian

Jaya, excluding the Birds Head but including the Aru

Islands, and the western parts of Papua NewGuinea.

The species has apparently not been able to reach

Queensland.

Considering the fact that most species oï Aedeastria

are found in western NewGuinea, and that, just like

the genus Rhadinopyga, several species are endemic to

the islands adjacent to the Birds Head {Aedeastria and

Rhadinopyga are the only two genera that have ende-

mic species on these islands), it is plausible that

Aedeastria also originates from one or both of the mi-

crocontinents that now form the greater part of the

Birds Head peninsula. However, compared to

Rhadinopyga, Aedeastria has notably less endemic spe-

cies on the Birds Head itself.

The occurrence of Aedeastria in Maluku might.
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Fig. 37. Distribution of the species of Aedeastria: cobrops (1), sepia (2), digitata (3), kaiensis (4), latifrons (5), waigeuensis (6),

cheesmanae (7), hastulata (8), moluccensis (9), obiensis (10), bidlata (11), dilobata (12).

like in Rhadinopyga (fig. 36), either be due to disper-

sal or to the presumed historical proximity between

the Bacan microcontinent and the Birds Head terra-

nes. The latter possibility presupposes that the Bacan

microcontinent had emerged before its westward dis-

placement (see above). The apparent occurrence of

two endemic species in Papua New Guinea is more

difficult to explain. These two species strongly devia-

te and might be the sister group of all other Aedeastria

species together.

Baeturia Stil

Baeturia Stil, 1866 of the Chlorocystini is with

about 60 species by far the largest of the cicada gene-

ra occurring on NewGuinea. The genus spans an ex-

tremely wide area of distribution, from Timor in the

west, to Samoa and Tonga in the east. Most of the

species of Baeturia are found on NewGuinea, and all

of the seven monophyletic species groups, that can be

recognized within Baeturia, are represented on that

island. For exact data on the distribution of the spe-

cies see De Boer (1982, 1986, 1989, 1992b, 1994a,

1994b, 1994c, 1994d) and Duffels (1988a).

Only one of these monophyletic species groups of

Baeturia, the hloetei group (fig. 38) occurs to the east

of the Bismarck Archipelago, and is represented by

eight species on the Solomon Islands, one on

Vanuatu, one on Santa Cruz, one on Rotuma Island,

and one on Samoa and Tonga.

Five species of Baeturia are recorded from west of

NewGuinea, and occur in the Maluku-Banda region.

The conviva group (fig. 39) has a subgroup of three

species that is presumed to be monophyletic and

mainly distributed in northern Maluku {B. conviva is

recorded from Bacan and Obi, B. laureti is endemic

to Halmahera, and B. schulzi occurs on Buru, Seram

and Sula). Both other species that occur in Maluku

{B. exhausta and B. macgillavryt) are more widely dis-

tributed in southern Maluku, on the Banda Islands

and on Timor. B. macgillavryi also occurs farther

northward on Flalmahera, Morotai, and Talaud (figs

38, 40).

Apart from the conviva and bloetei groups, all

groups of Baeturia center on New Guinea and it is

fairly certain that the genus originates from some part

of that island. Baeturia species are found throughout

New Guinea, but most species are recorded from its

northern parts (the northern mountain ranges and

the Fiuon peninsula) and a good amount of these spe-

cies are endemic there. Six of the seven monophyletic

species groups are represented by species in northern

New Guinea and three such groups definitely center

there: six of the eight species of the exhausta group

(fig. 40) occur in northern NewGuinea, two of them

are endemic to the northern mountain ranges and

two to the Huon peninsula; the viridis group (fig. 41)

is represented by five of its seven species in northern

NewGuinea, four of them are endemics; and the gut-

tulinervis group (fig. 39) is practically restricted to

northern NewGuinea.

211



Tijdschrift voor Entomologie, volume 13

'

Baeturia bloetei group

~:z?'<»-j

^*'
'^'"»v \

Baeturia bloetei grpup

17-e

Fig. 38. Distribution of the species of the Baeturia bloetei group: macgillavryi (1), bloetei (2), papuensis (3), bismarckensis (4),

manusensis {5) , mussauensis{6), brandti{7), sedlacekorum{%), reinhoudti{d), cristovalensis (10), gressitti (11), bilebanarai (12),

mendanai {lì) , marginata {\ A), boulardi [l'i), edauberti {\6), rotumae(\7), maddisoni (\8).

This apparent concentration of Baeturia in north-

ern NewGuinea becomes the more clear when its dis-

tribution in other parts of the island is analysed. Only
four or five species are known from the lowlands of

southern New Guinea, while only two {B. lorentzi

and B. brongersmai) are endemic there, although B.

hartonoi, which is known from only one locality just

south of the central mountain ranges, must possibly

also be regarded as a southern NewGuinea endemic.

This small number of species is not remarkable consi-

dering the fact that these southern parts of the island

are not of island arc origin and must have received

their cicadas by dispersals. More remarkable are the

comparatively low numbers of species on both the

Birds Head and the Papuan peninsula. Four species

(Ä bicolorata, B. parva, B. quadrifida, and B. viridis)
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Baeturia conviva & guttulinervis groups

Fig. 39. Distribution of the species of the Baeturia conviva and guttulinervis groups: laureli (1), conviva (2), schulzi (3),

quadrifida (4), hardyi (5), inconstans (6), roonensis (7), guttulinervis (8), biroi (9).

are recorded from the Birds Head, but none of them

is endemic there. No less than fourteen species are re-

corded from the Papuan peninsula, but four of these

{B. fortuinu B. gigantea, B. inconstans, and B. wauen-

sis) are recorded from its most northwestern corner

only. Three species, all of the nasuta group {B. lami-

nifer, B. mamillata, and B. nasuta), are distributed in

the Papuan peninsula and the central mountain ran-

ges of New Guinea, while two species [B. papuensis

and B. vanderhammeni) have a wide distribution in

the peninsula and northern NewGuinea. The record

of B. papuensis from the Papuan peninsula is conside-

red doubtful (De Boer 1989). Only five Baeturia s^pe-

cies can be considered as endemic to the Papuan pe-

Fig. 40. Distribution of the species of the Baeturia exhausta group: exhausta (1), bicolorata (2), rossi (3), maai (4),

vanderhammeni {"i) , colossea{G), wauensis (J) , versicolori^).
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Baeturia viridis group

Fig. 4 1 . Distribution of the species of the Baeturia viridis group: viridis ( 1 ) , furcillata (2) , turgida (3) , karkarensis (4) , rufula

(5), lorentzi (6), brongersmai ij)

.

ninsula {B. daviesi, B. gibberosa, B. loriae, B. tenuispi-

na, and B. versicolor), although B. tenuispina has a

shghtly wider distribution in the Huon peninsula and

on Normanby Island. It is remarkable that two of

these endemics (5. daviesi a.nd B. loriae) belong to the

loriae group (fig. 42), while a third {B. tenuispina) is

supposed to be closely related to that group. The phy-

logenetic position of the loriae group is regarded

doubtful, since its species share several characters

with species of Gymnotympana (De Boer 1994a;

1995a), which genus seems to be a typical Papuan pe-

ninsula group, presumably originating from the East

Papua Composite terrane (see above). It appears that

the loriae group not only takes an intermediate posi-

tion in a phylogenetic, but also in a biogeographic

sense.

Two of the seven monophyletic species groups of

Baeturia have species distributed in the central moun-

tain ranges of NewGuinea. Four species of the loriae

group (fig. 42), the group with the dubious phyloge-

netic relationships, occur in or near the central moun-

tains, and three of these {B. pigrami, B. silveri, and B.

Fig. 42. Distribution of the

species of the Baeturia loriae

group: hamiltoni {\) , bemme-

leni(2), wegeneriiS), pigrami

(4), hartonoi (5), silveri (6)

fortuini (7), daviesi (8), briae

(9).

c ^(^ Baeturia loriae group
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Baeturia nasuta group

Fig. 43. Distribution of the species of the Baeturia nasuta group: parva (1), mamillata (2), nasuta (3), bipunctata (4),

arabuensis (5), guttulipennis (6), marmorata (7), splendida (8), retracta (9), laminifer (10), intermedia (1 1), gibberosa (12).

wegeneri) seem endemic to part of that area. Other

species of the /or/Vz^" group occur in the Papuan penin-

sula (see above), northern NewGuinea and the Huon
peninsula, while B. hartonoi of that group occurs just

south of the central mountains (fig. 42). The nasuta

group (fig. 43) has been regarded as a typical central

mountain range group and was discussed before in

comparison with Cosmopsaltria (De Boer 1982;

Duffels & De Boer 1990). However, four species that

were recently added to this group (De Boer 1994d),

and new biogeographical data on some of the other

species, somewhat changed the general distribution

pattern of the nasuta group. Furthermore, the area

around Araucaria camp and Rattan camp, where two

species of this group are endemic, and which appa-

rently forms part of the Sepik tettane (fig. 16), should

in a biogeographic sense possibly be regarded as part

of northern, rather than central, New Guinea, or at

least as a transition area. Most species from this area

have their nearest relatives in northern New Guinea.

Still, relatively many species of the nasuta group, six

out of twelve, occur in the central mountain ranges.

Scottotympana

>-.^
,

Fig. 44. Distribution of the

species of Scottotympana:

sahebdivanii (1), biardae (2),

huibregtsae (3).
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Papuapsaltria

Fig. 45. Distribution of the species of Papuapsaltria: bidigitula (1), dolabrata (2), phyllophora (3), baasi (4), lachlani (5),

toxopei (6), ustulata (7), novariae (8), dioedes (9), goniodes (10), spinigera (11), i^r^wz (12), plicata (13), stoliodes (14), ungula

(15), angulata (16), nana{\7), woodlarkensis {18).

though only two (5. arahuensis and B. intermedia) ap-

pear to be actually endemic there. Others extend to

the Huon and Papuan peninsulas (Ä nasuta and 5.

mamillatà) , or have an even wider distribution re-

aching the Bismarck Archipelago and Admiralty is-

lands {B. laminifer and B. rétracta). The latter species

also occurs in northern and southern New Guinea.

Of the remaining six species of the nasuta group, one

[B. gibberosd) is endemic to the Papuan peninsula,

two are presumably endemic to northern New
Guinea and one {B. parva) is widely distributed in

Misool, the Birds Head, Biak, northern NewGuinea,

the Bismarck Archipelago, and the Admiralty islands.

The nasuta group has thus as many species, and ende-

mics, in northern as in central NewGuinea.

The fact that Baeturia has most of its endemic spe-

cies in northern New Guinea and that six out of its

seven monophyletic groups have species in that area,

suggests that Baeturia originates from one of the

OMAfragments that now form the mountain ranges

of northern New Guinea, viz., the Torricelli, Prince

Alexander, Mt. Turu, and Gauttier terranes (fig. 16).

It seems that the Finisterre terrane has to be ruled out

as a possible source area of Baeturia, since if it, as is

suggested, has formed a geological entity with the

Bismarck Archipelago, one would expect a compara-

tively high rate of endemism in the Bismarck

Archipelago as well, but only B. bismarckensis is ende-

mic there.

An origin of Baeturia on one of the northern New
Guinea terranes would mean that Baeturia arrived

fairly recently (10 Mya) on NewGuinea, and that the

occurrence of Baeturia in other parts of that island is

the residt of dispersal since the amalgamation of the-

se terranes. This might explain why the otherwise wi-

dely distributed genus Baeturia is absent in Australia.

When Baeturia reached New Guinea, its southward

dispersal was blocked by the central mountains, and

by the time species of the genus had moved around

this barrier and reached southern New Guinea, the

Torres Straight prevented their crossing to

Queensland. Only some species of the nasuta and lo-

riae groups apparently had the opportunity to disper-

se into the central mountains.

Scottotympana De Boer

Scottotympana De Boer, 1991 of the Chlorocystini

is a very small genus of four species, three of which are

described (fig. 44). For exact data on the distribution

of these species see De Boer (1991). Since all these

species are known of only one or two localities, it is

very difficult to recognize a pattern of distribution.

Nevertheless, the genus seems to be concentrated in

the northern parts of New Guinea; 5. sahebdivanii is

recorded from the northwestern corner of Irian Jaya,

5. biardae from northern and central Papua New
Guinea, and S. huibregtsae from a locality just south

of the Huon peninsula and, possibly, New Britain.
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the monophyly of Papuapsaltria and regard its north-

western subgroup as a sister group of Guineapsaltria

(De Boer 1995d). Since Guineapsaltria su^^ostàìy is

of northern NewGuinea origin (see above), a subdi-

vision between a monophyletic group containing

Guineapsaltria and this northwestern subgroup of

Papuapsaltria, and a monophyletic group containing

the remaining species of Papuapsaltria would even

more clearly indicate a subdivision between an East

Papua Composite terrane group and a northern New
Guinea group.

Mirabilopsaltria De Boer

The monophyly of Mirabilopsaltria De Boer,

1995, just like that of Papuapsaltria (see above), is

considered fairly uncertain, and is not based on sound

apomorphic characters. Most species of Mirabilo-

psaltria are certainly closely related, of others the ge-

neric allocation is somewhat doubtful. The most par-

simonious computer analysis shows Mirabilopsaltria

as a paraphyletic group, but it depends on the homo-

logy of a certain clasper character whether this solu-

tion is acceptable (De Boer 1995d).

Mirabilopsaltria of the Chlorocystini is distributed

along northern NewGuinea including Biak island, the

Huon peninsula, and the western half of the Papuan

peninsula (fig. 46). For exact data on the distribution

of the species see De Boer (1995b). One species {M.

inflata) is possibly endemic to the Bismarck

Archipelago, though a female from northern New
Guinea might belong to that same species. M. humilis

spans the whole length of the distribution area of the

genus, from Biak Island and the south coast of western

NewGuinea to half-way down the Papuan peninsula.

All other species have much more restricted areas of

distribution. Their distribution ranges apparently do

not overlap; the species are fairly evenly distributed

over the area covered by the genus: M. viridicata is en-

demic to the Papuan peninsula, M. globulata to the

Huon peninsula and adjacent areas, and M. inconspi-

cua and M. toxopeusi are known (both from one local-

ity) from northwestern New Guinea. Consequently,

there is no concentration whatsoever of numbers of

species in any particular part of the distribution area.

However, three, possibly four, of the six species occur

in northern New Guinea and an origin of

Mirabilopsaltria in the Gauttier and/or the Torricelli

terranes seems therefore the most plausible.

Should Mirabilopsaltria in fact turn out to be poly-

phyletic, as appears to be the most parsimonious solu-

tion (De Boer 1995d), then the Papuan species of the

genus {M. globulata and M. viridicata) most probably

form a monophyletic group together with the, pre-

sumably Papuan peninsula genus Thaumastopsaltria,

which would even more clearly indicate a subdivision

in an east Papuan group ( Thaumastopsaltria and these

two species), and a northern New Guinea group

which extends to the Bismarck Archipelago (the re-

maining four species of Mirabilopsaltria)

.

The Australian genera of the Chlorocystini

There are six genera which are assigned to the the

Chlorocystini (sensu stricto), and do not occur on New
Guinea. These genera {Chlorocysta Westwood, 1851,

Cystopsaltria Coding & Froggatt, 1904, Cystosoma

Westwood, 1842, Glaucopsaltria Coding &c F roggaxt,

1904, Oliera Ash ton, 1912, and Venustria Coding &
Froggatt, 1 904) are all endemic to northeastern or eas-

tern Australia. For more exact data on the distribution

of the species of these genera see Motdds (1990).

The monotypic genus Venustria is endemic to the

southeastern corner of the Cape York Peninsula of

northern Queensland. The systematic status of

Venustria is uncertain, V. superba shares several charac-

ters with the two Australian species of the genus

Gymnotympana, but the species is not included in that

genus since it does not share the supposedly apomor-

phic sexual dimorphism in wing venation of

Gymnotympana (De Boer 1995a). Should V. superba

form a monophyletic group with G. rufa and G. vari-

color, then their commonancestor (as explained above)

presumably dispersed during Pleistocene low sea levels,

from the Papuan peninsula of New Guinea to

Australia. However, should Venustria, which is certain-

ly closely related to Gymnotympana, not be part ofthat

genus, its presence in Australia must either precede the

arrival of the ancestor of the Australian Gymnotympana

species, or an ancestral Venustria species must have oc-

curred on NewGuinea before its dispersal to Australia.

Chlorocysta, Glaucopsaltria, and Owra form a

monophyletic group (De Boer 1995d) of which five

species are described: Chlorocysta has three described

and one or two undescribed species, both other gene-

ra are monotypic. These three genera are discussed

here as a single group. The distribution of this group,

along the eastern coast of Queensland, resembles that

of the Australian species of Diceropyga, Guinea-

psaltria, Gymnotympana, and Thaumastopsaltria, but

the group reaches farther southward, into NewSouth

Wales, with C vitripennis and G viridis (fig. 47 after

Moulds 1990). As explained above, the Australian

distribution of Diceropyga, Guineapsaltria, Gymno-

tympana, and Thaumastopsaltria presumably results

from a dispersal from New Guinea, possibly during

the ice age related Pliocene-Pleistocene low sea levels.

The similarity in distribution patterns between the

Australian species of these genera and the group dis-

cussed here does not necessarily have to be explained

by a similar dispersal event; their distributions simply

coincide with the distribution of tropical rain forest
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Fig. 47. Distribution of the species of Chlorocysta, Glauco-

psaltria, and Owra: C. suffusa{\), C. fi^meail), C. vitripen-

nis{3), O. insignis (4), G. viridis {5).

Fig. 48. Distribution of the species of Cystopsaltria and

Cystosoma: Cystopsaltria immaculata (\), Cystosoma schmelt-

zi{2), Cystosoma saundersii {3).

in Australia. The speciation that occurred within this

monophyletic group of Australian genera, the fact

that the group has no representatives on NewGuinea,

and possibly also its larger distribution area, suggest

that its common ancestor either arrived in Australia

by an earlier dispersal event, or that the group has al-

ways been there. In the latter case, it would mean that

the Chlorocystini are of Australian origin, and that its

species entered the OMAfrom Australia. The geolog-

ical literature does not contradict this possibility,

since rifted microcontinents of Australian origin are

supposed to have become incorporated in the OMA,
long before the OMAbroke up and its fragments col-

lided with the Australian coninent. However, the fact

that the sister group of the Chlorocystini is found on

Sulawesi and the nearest outgroup in southeast Asia,

strongly contradicts such an Australian origin and it

seems more plausible that the common ancestor of

Chlorocysta, Glaucopsaltria, and Owra entered

Australia from one of the OMAterranes.

Cystosoma (two species) and Cystopsaltria (one spe-

cies) also form a monophyletic group (De Boer

1995d). The distribution of this group is very similar

to that of the group of three genera discussed above.

Cystopsaltria follows the eastern coast of the Cape

York Peninsula and Cystosoma is distributed in east-

ern Australia, from the southeastern corner of the

Cape York Peninsula into northern New South

Wales (fig. 48 after Moulds 1990).

The distribution of Cystosoma and Cystopsaltria must

presumably be explained along similar lines as the dis-

tribution of the monophyletic group consisting of

Chlorocysta, Glaucopsaltria and Owra: either their

common ancestor dispersed from New Guinea, pre-

ceding the dispersals to Australia found for Diceropyga,

Gymnotympana, Guineapsaltria, and Thaumasto-

psaltria, or that ancestor has always been in Australia.

The non-New Guinean genera of the

Cosmopsaltriaria

Five genera of the Cosmopsaltriaria are absent

from NewGuinea: Aceropyga Duffels, 1977, Brachyl-

obopyga Duffels, 1982, Dilobopyga Duffels, 1977,

Moana Myers, 1928, and a new genus from the

Solomon Islands recently recognized by Duffels (in

prep.), henceforth referred to as new genus 7'.

Brachylobopyga and its sister genus Dilobopyga are en-

demics of Sulawesi, the new genus 7. 'is endemic to the

Solomon Islands, and Aceropyga and its sister genus

Moana are restricted to the eastern parts of the OMA.
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reaching to Samoa in bypassing the Fiji group, resem-

bles that of the Baeturia bloetei group (fig. 38), al-

though that group also occurs on Vanuatu and

Rotuma island (see Duffels 1988a; De Boer 1989).

The west Pacific distribution of the B. bloetei group is

presumably of fairly recent date. This group might

have reached Samoa and Tonga along a Vitiaz arc,

which included the island of Rotuma, at a time when
Fiji had already become isolated from the arc (Duffels

& De Boer 1990). Moana might have reached Samoa

by a similar dispersal event, but when Moana had the

same dispersal possibilities as the bloetei group it is

strange that the genus is absent from Vanuatu.

Newgenus '/'

Duffels recently recognised a new genus of six un-

described species. This genus belongs to the

Cosmopsaltriaria and is probably the sister genus of

Rhadinopyga. The genus, here referred to as new ge-

nus 7', is endemic to the Solomon Islands and presu-

mably evolved on the Solomon arc. Its six species are

mainly island endemics.

Dilobopyga Duffels

Dilobopyga Duffels, 1977 of the Cosmopsaltriaria

is a fairly large genus, with at least 36 species, of

which only 10 are at present described. Most of these

species are endemic to Sulawesi, though the distribu-

tion area includes nearby islands as Banggai, Buton,

Muna, Sangihe, Salayar and Sula, often with endemic

species. One species {D. gemina) occurs with two sub-

species in southern Maluku, on Buru, Gorong,

Sapurua, Seram and presumably on Misool. For exact

data on the distribution of the species see Duffels

(1977, 1990).

Within Sulawesi, the genus seems concentrated in

the northern arm and the central part of the island.

Eight species are endemic to the northern arm of

Sulawesi, nine to central Sulawesi, and five are re-

stricted to northern + central Sulawesi, whereas only

three are endemic to eastern Sulawesi. The apparent

concentration of species in northern and central

Sulawesi could well be influenced by undercoUecting

in eastern Sulawesi (Duffels 1990).

Duffels (1990) discussed two possible routes for

the invasion of Sulawesi; Dilobopyga either entered

Sulawesi along the western arc and dispersed into the

eastern arc, or the genus first reached the eastern arc

and dispersed into the western arc. If we suppose that

Dilobopyga originates from the OMA, just as all other

genera of the Cosmopsaltriaria seem to do, then these

two routes appear equally plausible. The northern

arm of Sulawesi, which is part of the western arc, as

well as parts of eastern Sulawesi are supposed to be

fragments of the OMA. The apparent concentration

in the northern arm suggests that the genus originates

from that part of the OMA. The occurrence of D. ge-

mina in Maluku is presumably due to a recent east-

ward dispersal.

Brachylobopyga Duffels

Brachylobopyga Duffels, 1982 of the Cosmopsal-

triaria is a very small genus, of which only two species

are known: B. montana from central Sulawesi, and B.

toradja from southwestern Sulawesi. For exact data

on the distribution of these species see Duffels (1982,

1989, 1990). These sparse biogeographical data give

no information as to a possible origin of the genus,

but, since Brachylobopyga is the presumed sister genus

of Dilobopyga, its ancestor, or the common ancestor

of these two genera will, as explained above, probably

originate from the OMAfragments of northern, or

possibly eastern, Sulawesi.

The oriental Prasiini

The oriental Prasiini form a monophyletic group

of about 50 species, attributed to four genera {Arfaka

Distant, 1905, Jacatra Distant, 1905, Lembeja

Distant, 1892, and Prasia Stal, 1863). A taxonomie

revision of this group was started by De Jong in the

early 1980s, but was unfortunately not finished.

Revisions have been published for the genus Prasia

(De Jong 1985) and for three monophyletic groups of

the genus Lembeja: the /oliata group (De Jong 1986)

and the fatiloqua and parvula groups (De Jong 1987).

Two other subgroups of Lembeja were indicated: the

harderi group and the robusta group. The genus

Lembeja is not monophyletic in its present concept;

the harderi group is presumably more closely related

to Prasia and Arfaka than to the other subgroups of

Lembeja. A tentative cladogram of the genera and

subgroups of the Prasiini can be made (fig. 54, see De
Boer 1995d), but the phylogenetic position of many
species and the relationships between several of the

established groups remain uncertain. A well-argu-

mented discussion on the historical biogeography of

the oriental Prasiini is therefore not possible, but so-

me remarks can certainly be made. The exact bioge-

ographical data of most of the species here discussed

can be found in De Jong (1982, 1985, 1986, 1987)

and De Jong & Duff'els (1981).

The oriental Prasiini are definitely concentrated on

Sulawesi, where most of its species (28) are endemic.

The small genus Jacatra (J. typica and one unde-

scribed species) is endemic to Java and Sumatra, and

Arfaka {A. fulva, A. hariola, and one undescribed spe-

cies) is endemic to the Birds Fiead peninsula of New
Guinea and some adjacent islands. Lembeja extends

from Sulawesi to Borneo and Mindanao (Z,. fatilo-

qud), to some of the Lesser Sunda islands {L. roehli, L.

sumbawensis, and the harderi group consisting of L.
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harden, and several undescribed species), to New
Guinea (the robusta group consisting of L. papuensis,

L. robusta, and at least four undescribed species), and

Queensland {L. paradoxa a.nd L. vitticollis)

.

Most of the Sulawesi endemics occur in the north-

ern and western part of the island. Furthermore, the

genus Prasia, which is possibly the sister group of all

other Prasiini, is restricted to Sulawesi and the nearby

Muna island. It is presumed therefore, that, similarly

as in Brachylobopyga and Dilobopyga, the ancestor of

the Prasiini originates from those parts of the OMA,
that now form part of Sulawesi.

The occurrences of several species on the Lesser

Sunda islands and of a species on Borneo and

Mindanao presumably result from dispersals, and also

the distribution of the genus Jacatra on Java and

Sumatra might be the result of an early dispersal event.

These dispersals, or some of them, possibly occurred

during one of the Pliocene-Pleistocene glacial periods.

The occurrence of the Prasiini in New Guinea and

Australia is more difficult to explain, especially since

their distributional patterns often show similarities

with the vicariant patterns found among the New
Guinean genera discussed above. The New Guinean

representatives of the Prasiini certainly do not form a

single monophyletic group (fig. 54; De Boer 1995d),

but, as can be inferred from the now available data, be-

long to at least three different groups: the genus Arfaka,

the Lembeja robusta group, and Lembeja paradoxa of

the L. fatiloqua group. These three groups must have

reached NewGuinea separately.

The distribution of the genus Arfaka is very similar

to that of the genus Rhadinopyga, and an origin of

Arfaka on one of the microcontinents that now form

the Birds Head, as was inferred for Rhadinopyga and

Aedeastria, must be considered plausible. Arfaka has

its nearest relations in Sulawesi and on the Lesser

Sunda islands.

One of the two Australian species {L. paradoxa) has

a distribution in Queensland and southern New
Guinea very similar to that of Diceropyga subapicalis

and Thaumastopsaltria globosa, but where the latter

two species have their nearest relations in eastern New
Guinea, notably the Papuan peninsula, L. paradoxa

apparently belongs to the L. fatiloqua group that is

otherwise distributed in Borneo, Mindanao, Sula-

wesi, Sumba and Sumbawa.

The other Australian species {L. vitticollis) is re-

stricted to the southeastern corner of the Cape York

peninsula, and does have some of its nearest relations

in Papua New Guinea {L. papuensis and L. robusta},

but several undescribed species from northern New
Guinea, the Birds Head and Obi island are presum-

ably also closely related to L. vitticollis and form the L.

robusta group (De Jong pers. comm). The Sulawesi

Lembeja species are the nearest relations of this group.

Conclusions

1

.

- Dilobopyga, Brachylobopyga and the Prasiini all

originate from Sulawesi and presumably from those

parts of Sulawesi that are derived from the OMA.
Part of the Prasiini, however, might have invaded the

OMAparts that originally lay to the east of the

Sulawesi fragments.

2. - Cosmopsaltria originates from the Sepik Arc

fragment of the OMA.
3. - Diceropyga, Gymnotympana, Thaumastopsal-

tria, and presumably at least the greater part of

Papuapsaltria originate from the East Papua

Composite terrane, although the ancestral area of dis-

tribution of Diceropyga and Gymnotympana probably

included parts of northern Maluku and, furthermore,

that of Diceropyga presumably included the Bismarck

Archipelago and parts of the Solomon Islands.

4. - Rhadinopyga 2.nòi, presumably, Aedeastria ong-

inate from some microcontinental fragments, now
forming the Birds Head peninsula.

5. - Baeturia, Scottotympana, possibly a part of

Papuapsaltria and possibly Guineapsaltria and the

greater part o( Mirabilopsaltria onginate from parts of

the OMA, now constituting the northern mountain

ranges of NewGuinea.

6. - Aceropyga, the new genus 7', and Moana
evolved on the eastern parts of the OMA. The new

genus 7.
' evolved on the Solomon Islands, Moana

presumably also originates from the Solomon Islands,

but possibly in connection with the Bismarck

Archipelago, and Aceropyga evolved on Fiji.

7. - The Australian genera Chlorocysta, Cystopsal-

tria, Cystosoma, Glaucopsaltria, Oivra, and Venustria

present a major problem, since they do not occur on

remnants of the former OMA. They presumably

reached Australia by dispersal from the OMAand, as

will be explained in the next chapter, came most

probably from the Sepik Arc terrane.

Discussion

It is curious that Cosmopsaltria is the only genus al-

lotted to the Sepik Arc fragment, and that the

Chlorocystini (sensu stricto), apart from some species

of the Baeturia nasuta group and the B. loriae group,

seem to avoid these terranes, which were the first to

collide with the Australian continental plate and must

have formed the link between the Sulawesi- and re-

maining arc fragments of the OMA. On the other

hand, the Cosmopsaltriaria do not appear to have any

groups originating from northern New Guinea; all

genera that are supposed to originate from these parts

belong to the Chlorocystini. Furthermore, it is remar-

kable that none of the genera seem to originate from

the Finisterre or Bismarck terranes, the OMAfrag-
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Geological cladogramlogram L-T

East Asia

central Philippines

Sulawesi

central New Guinea

Papuan peninsula

northern New Guinea

Finisterre

Bismarck archipelago

northeastern Solomons

Fig. 50. Geological area cla-

dogram showing the frag-

mentation sequences in the

OMA.

ments that most recently reached New Guinea. Only

the genus Diceropyga apparently has an 'old' endemic

group of species in the Bismarck Archipelago. A re-

mark of Abbot and Silver (1991) that part of the

Finisterre terrane was below sea level prior to its colli-

sion with NewGuinea might indicate an explanation

for the absence of a distinct Finisterre group.

Area cladistics

As is stated in the introduction of the previous

chapter, it is supposed that the various genera of the

Sulawesi, Moluccan, New Guinean, and East-

Melanesian cicadas, which belong to the Cosmo-

psaltriaria and to the Prasiini - Chlorocystini, evolved

as a result of vicariance following the fragmentation

of an historic island arc, known as the Outer

Melanesian Arc (OMA). It is the aim of the present

chapter to present the corroborative evidence for this

supposition by comparing the phylogenies and bioge-

ographic data of these two groups of cicadas with the

palaeogeographic data of the area as discussed in the

first chapter.

First, the main vicariant events will be related to

geological events by comparing the area cladograms

of the two groups with the presupposed fragmenta-

tion sequences of the island arcs. This comparison

will be accompanied by a discussion of the congruen-

cies and incongruencies between the area cladograms

and the palaeogeographical data.

Second, the area relationships between the areas of

endemism as indicated by the phylogenies of the cica-

das will be discussed. As an interesting result of this

discussion it will appear that the biological relation-

ships supply additional data for a palaeogeographic

reconstruction of the Outer Melanesian Arc and its

connections to adjacent terranes.

Area cladograms

The fragmentation sequences of the OMA, as dis-

cussed in chapter 1 are summarised in the 'clado-

gram-like' graph of fig. 50. The most basal branching

in this figure represents the collision between the wes-

tern part of the OMAand the Asian continent, dated

at 40-35 Mya. Subsequent branchings represent frag-

mentation events of the OMA. The timing of the

3rd, 4th, 5th, and 6th branching (25, 15, 10, and 2

Mya respectively) correspond with the supposed ti-

ming of the accretion of respectively the Sepik Arc,

the East Papua Composite terrane, the Torricelli and

Gauttier terranes, and the Finisterre terrane to New
Guinea, though the latter may already have started to

accrete 10 Mya. The actual isolation of these respecti-

ve terranes from other parts of the OMAwill have ta-

ken place considerably earlier. Areas of a presumed

different geological origin like Maluku, the Birds

Fiead, and the East-Melanesian archipelagos are, of

course, not included in this cladogram, since they do

not form a monophyletic group in geological sense

with the other (OMA) terranes.

The genus cladogram of the Cosmopsaltriaria (fig.

51) is taken from Duffels (1993) with the only differ-

ence that the southeast Asian genus Meimtma Distant

is added as a sister group. Meimuna is regarded as the

Cosmopsaltriaria

Meimuna East Asia/Ryukyu

Brachylobopyga Sulawesi

Dilobopyga Sulawesi

Cosmopsaltria central New Guinea

Moana Bismarck/Solomons/Samoa

Aceropyga Fiji

new genus I. Solomons

Rhadinopyga Birds Head

Diceropyga Papuan peninsula/n. Maluku/Bismarck/Solomons

Fig. 51. Taxon-area cladogram of the genera of the subtribe Cosmopsaltriaria, with the genus Meimuna SiS sister group. After

Duffels (1993). Bold lines correspond with areas in fig. 50; thin lines lead to areas of different geological origin.
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Fig. 52. Taxon-area clado-

gram of rhe genera of the

Chlorocystini sensu stricto,

with the oriental Prasiini as

sister group, and the genus

Muda as outgroup. Bold lines

correspond with areas in fig.

50; thin hues lead to areas of

different geological origin.

Chlorocystini

Muda southeast Asia/Ryul<yu

Prasiini Sulawesi

Cystopsaltria Australia

Cystosoma Australia

Aedeastha Birds Head

Thaumastopsaltria Papuan peninsula

Mirabilopsaltria northern New Guinea

Papuapsaltria Papuan peninsula

Guineapsaltria northern New Guinea

Chlorocysta Australia

Oivra Australia

Glaucopsaltha Australia

Gymnotympana Papuan peninsula / n. Maluku

Venustria Australia

Baeturia northern New Guinea

Scottotympana northern New Guinea

most likely sister group of the Cosmopsaltriaria

(Duffels pers. comm.).

The phylogeny of the Chlorocystini (sensu stricto)

was discussed earlier (De Boer 1995d) and the genus

cladogram (fig. 52) is derived from the species clado-

gram presented in that publication. Phylogenetic

analysis of the Chlorocystini left room for alternative

positions of the genus Aedeastria and the sister genera

Guineapsaltria - Papuapsaltria in the cladogram,

which are only slightly less parsimonious (De Boer

1995d). These alternatives are given in fig. 53. Area

cladistic implications of the alternatives will be dis-

cussed below.

In these cladograms, the most likely areas of origin

or source areas discussed in chapter 2 (the geological

entities of microcontinental origin or fragments of

the oceanic island arc systems) are added to the genus

names and treated as areas of endemism for the gene-

ra. The resulting figures are 'source-area cladograms'

based on the phylogeny and distribution of the

Cosmopsaltriaria and of the Chlorocystini - Prasiini.

Comparison of area cladograms

The area cladograms of figs. 51 and 52 both show

a striking congruence with the geological cladogram

of fig. 50. The bold lines in figs. 51 and 52 show the

area relationships that completely match the geologi-

cal cladogram. The thinner lines show the area rela-

tionships that do not match up with the geological

cladogram, but one will notice that they all lead to

areas of a different geological origin, which are there-

fore absent in the geological cladogram.

It is remarkable that the area at the base of both

area cladograms includes the Ryukyu islands, to the

south of Japan. This suggests that the ancestors of the

cicadas invaded the OMAin this area through the

Bonin and, possibly, Daito arcs and not along a route

somewhere near the Philippines or Borneo.

The next branch in both area cladograms leads to

Sulawesi {Brachylobopyga and Dilobopyga are practi-

cally endemic to Sulawesi and the Prasiini are defi-

nitely most numerous on that island). This branch

corresponds with the third branch of fig. 50. Neither

the Cosmopsaltriaria or one of its sister groups, nor

the Chlorocystini - Prasiini complex or one of its sis-

ter groups have representatives on the Philippines

(apart from one widely distributed and presumably

recently dispersed species of the genus Lembejd). That

both these groups of cicadas have no 'old' species

groups centered on the Philippines could imply either

that there has been an island arc connection between

the Asian continent and Sulawesi bypassing the cen-

tral Philippines (the Philippine element of the

OMA), or that this Philippine element, which forms

the most logical link within the OMAisland chain

(comp. fig. 55), has been submerged prior to its colli-

sion with the western Philippines.

Concerning the subsequent branching, the two

area cladograms differ. The Cosmopsaltriaria area cla-

dogram gives a group ( Cosmopsaltrid) centered in cen-

tral New Guinea, which corresponds perfectly with

the fourth branch, the Sepik Arc terrane, in the geo-

logical cladogram (fig. 50). The Chlorocystini clado-

gram, however, is in its most parsimonious solution

firom here onwards subdivided into three major

subgroups (viz., Aedeastria to Mirabilopsaltria,

Guineapsaltria - Papuapsaltria, and Chlorocysta to

Scottotympana). It is not clear from the geological data

what event could have caused the subdivision into

these three major subgroups. It suggests, however,

that the OMAto the east of its Sulawesi fragments

(the Sepik Arc) was not a homogeneous terrane but

was divided prior to its accretion to NewGuinea and

has possibly consisted of several loosely connected arc

fragments. At the base of two of these three major

subgroups appears a group endemic to Australia. Such

a basal group is altogether lacking in the third sub-

group, the one consisting of Guineapsaltria and

Papuapsaltria. It is apparently lacking, because the vi-
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Chlorocystini

-Muda southeast Asia/Ryukyu

-Prasiini Sulawesi

-Cystopsaltria Australia

-Cystosoma Australia

. Thaumastopsaltria Papuan peninsula

.Mirabilopsaltria northern New Guinea

.Aedeastria Birds Head

.Chlorocysta Australia

. Owra Australia

. Glaucopsaltria Australia

Papuapsaltria Papuan peninsula

.Guineapsaltria northern New Guinea

Gymnotympana Papuan peninsula / n. Maluku

• Venustria Australia

.Baeturia northern New Guinea

.Scottotympana northern New Guinea

Fig. 53. Taxon-area cladogram of the genera of the Chlorocystini sensu stricto with alternative positions for Guineapsaltria-

Papuapsaltria and Aedeastria.

cariance in that subgroup between the Papuan penin-

sula and northern New Guinea corresponds to the

ultimate branching in both other subgroups {Baeturia

- Scottotympana versus Gymnotympana - Venustria

and Thaumastopsaltria versus Mirabilopsaltria) and to

the next (the 5th and 6th) branchings in the geologi-

cal cladogram. On the basis of that geological clado-

gram and analogue to the Cosmopsaltriaria we would

expect to find species groups in central New Guinea

(the Sepik Arc fragment of the OMA) at the position

where we do find these Australian species groups.

This suggests that these species groups dispersed into

Australia through the Sepik Arc fragment. This prob-

ably occurred after the collision ofthat fragment with

the Australian craton (about 25 Mya) and prior to the

subsequent development of the forcare basin, which

has long separated the New Guinea otogen from the

Australian mainland. The reason for this dispersal and

the question why the ancestors of these Australian

groups left no descendants in central New Guinea is

open to discussion. We must remember, however,

that the development of the central mountain ranges

was extremely rapid in a geological time scale. The ci-

cadas in the area must have had three options; they

could either adapt to the climatic changes inherent to

this rapid uplift, or move away, or become extinct.

Cosmopsaltria obviously adapted, while the ancestors

of Cystosma - Cystopsaltria and of Chlorocysta -

Glaucopsaltria- Owra presumably moved away. If so,

these ancestors were forced to move southwards to

well into Australia in front of the then developing

forcare basin. This would also explain why the distri-

bution areas of the Australian genera extend farther

southward than the distribution areas of species of the

(mainly) New Guinean genera which reached

Australia more recently (the Australian representatives

of Diceropyga, Guineapsaltria, Gymnotympana, and

Thaumastopsaltria). These were not forced onward by

a developing sea. A hypothetical sister group of

Guineapsaltria - Papuapsaltria might have become ex-

tinct. However, the phylogenetic position of

Guineapsaltria and Papuapsaltria is not based on

sound synapomorphic characters (see De Boer 1995d)

and the alternative phylogenetic reconstruction of fig.

53 (with Guineapsaltria — Papuapsaltria as a sister

group of Baeturia, Gymnotympana, Scottotympana,

and Venustria) is almost equally parsimonious. In the

alternative reconstruction the necessity for a hypo-

thetical and extinct sister group of Guineapsaltria and

Papuapsaltria no longer exists, so this reconstruction

is in a biogeographical sense more parsimonious.

L. fatiloqua group

L. parvula group

L. follata group

L. robusta group

Jacatra

Arfaka

L. harder! group

Prasia

Chlorocystini

Muda

Fig. 54. Taxon cladogram of the genera and species groups

of the oriental Prasiini.
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Fig. 55. Schematic reconstructions

of the OMA, not related to a certain

geological time (the suggested proxi-

mities between the various geological

entities may have existed in different

times). A (top left), reconstruction

with a single central Philippines-

Tonga arc and an east Philippines-

Halmahera arc. B (bottom left), re-

construction based on the most

recent geological literature with a

central Philippines-north Solomon

arc, an east Philippines-Halmahera

arc, and a Solomons-Tonga arc. C
(top right), reconstruction with an

alternative position of the Bismarck

Archipelago north of the northern

New Guinea terranes. D (bottom

right), reconstruction with an alter-

native position of the Bismarck

Archipelago between the East Papua

Composite tettane and the Solomon

Islands.
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phylogeny apparently conflict with the above discus-

sed scenario. Such conflicting data could find their

origin in the still insufficient knowledge of the palae-

ogeographic configurations, or in incorrectnesses in

the phylogenetic reconstructions, or could be due to

some peculiar and inconceivable long distance disper-

sal.

The palaeogeographic knowledge of the island arc

systems is certainly incomplete. The fragmentation

sequences and the order in which the fragments were

included in the OMAcan roughly be inferred from

the order in which these fragments accreted to New
Guinea, but it is not clear how large these fragments

were when they formed part of the arc, how far they

lay apart, or whether these fragments themselves ex-

isted as fragments or single blocks. Neither is it

known which of the fragments were simultaneously

emerged.

The most straightforward schematic reconstruc-

tion of the island arc systems, based on the geological

literature alone, is the one presented in fig. 55b. This

reconstruction shows three distinct island arcs: 1) a

central Philippine to Bismarck and northern

Solomons arc, 2) an East Philippine - Halmahera arc

(both related to the Pacific plate), and 3) an East-

Melanesian arc (related to the Australian plate). The

terrane sequences in the Philippine to Bismarck and

northern Solomons arc correspond from west to east

to the fragmentation sequences of the arc (the order

in which these terranes are supposed to have become

isolated) and, for the NewGuinea terranes, to the se-

quences in which these terranes collided with the

Australian continent. In several instances the distri-

butions and phylogenetic relationships of the cicadas

suggest area relationships that contradict this recon-

struction. In the following sections, these area rela-

tionships will be discussed per area of endemism.

These relationships often suggest a slightly different

or more detailed palaeogeographic reconstruction of

the island arcs (see figs 55c, 55d). Recently,

Struckmeyer et al. (1993) published some palaeogeo-

graphic reconstructions of the New Guinea -

Bismarck region for different geologic times. A sim-

plified copy of their Late Eocene reconstruction (that

is before the amalgamation of the Sepik Arc) is given

in fig. 56. For the moment disregarding the fact that

at that time most of the arc terranes are supposed to

be submerged, this reconstruction roughly shows the

same terrane sequences as the one of fig. 55b. It dif-

fers in the position of the Birds Head microconti-

nents, which lie already west of the Sepik terrane, and

the northern New Guinea and Finisterre terranes,

which are plotted north of the East Papua Composite

terrane. In some instances this reconstruction better

fits the biogeographical data, in others it strongly op-

poses them.

Sulawesi

Of the two monophyletic groups centered on

Sulawesi that are supposed to originate from some

Sulawesi fragments of the OMA{Brachylobopyga -

Dilobopyga and the Prasiini) the first {Brachylobopyga

- Dilobopyga) is almost completely endemic to that is-

land and to some adjacent small islands. The only ex-

ception, D. gemina, ocurs with two subspecies in

Maluku (Buru, Seram, Gorong, Sapurua, and presu-

mably Misool). The occurrence of this species in

Maluku must probably be explained by a recent east-

ward dispersal, since most of these islands only re-

cently emerged (Fortuin & De Smet 1991).

The Prasiini have a much wider distribution.

Although this group definitely has most of its species

on Sulawesi, the distribution area also includes Java

and Sumatra (Jacatrà), the Lesser Sunda islands (the

Lembeja harden group and two species of the L. fati-

loqua group), Borneo and the Philippines {L. fatilo-

qua), the Birds Head of New Guinea {Arfakd}, and

New Guinea and Queensland (the L. robusta group

and L. paradoxa). The occurrences on Borneo - the

Philippines, the Lesser Sunda islands, and, with a lit-

tle good will, even the occurrence on Java and

Sumatra could possibly be explained away by a diffu-

sion or dispersal from Sulawesi. Distributions of

widespread species(groups) in the Greater Sunda is-

lands are often explained in connection with the gla-

cial periods of the Pliocene and Pleistocene, during

which these islands were connected as a result of low-

er sea levels. Although Sulawesi remained isolated

during the various glacial periods, at times its isola-

tion might have been of a lesser degree and so the gla-

cial periods might have played a role in the dispersal

of the Prasiini to Borneo and the Philippines. The

supposed basal position oï Jacatra and the L. harderi

group in the tentative cladogram of the Prasiini (fig.

54) suggests that the vicariant events that separated

these groups happened well before the glacial periods.

This does not necessarily mean that their dispersal to

Java - Sumatra and the Lesser Sunda islands is not ice

age related. The Australian and New Guinean spe-

cies (groups), however, demand a different explana-

tion. The total absence of Prasiini species from

Maluku strongly argues against a recent eastward dis-

persal and, furthermore, the presence of an endemic

genus on the Birds Head, endemic species in Papua

New Guinea, and similarities between the distribu-

tions of L. paradoxa, Diceropyga subapicalis, and

Thaumastopsaltria glauca (in the Papuan peninsula,

southern New Guinea and northern Queensland)

suggest that these NewGuinea distributions are rem-

nants of an older pattern, comparable to the vicariant

patterns found for the Cosmopsaltriaria and the

Chlorocystini.

If the above outlined theory on the palaeogeogra-
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phy of the Cosmopsaltriaria and the Chlorocystini is

in essence correct, and since there is no geological evi-

dence for terrane movements from Sulawesi towards

New Guinea (on the contrary, all terranes in the

Maluku area move from New Guinea towards

Sulawesi), it stands to reason that some ancestral

Prasiini species must somehow have entered the

OMAterranes that lay east of its Sulawesi fragments.

Only then could these Prasiini have gone through a

development parallel to that of the Cosmopsaltriaria

and the Chlorocystini. This could mean that the ap-

parently monophyletic Prasiini are in fact not mono-
phyletic. In that case part of the Prasiini, notably the

NewGuinean - Australian species, would have to be

the sister group of the Chlorocystini, while the re-

maining (mainly Sulawesi) species of the Prasiini

would be the sister group of these two groups com-

bined. This solution, however, is very unlikely since it

would imply that the genus Arfaka and the L. robusta

group are more closely related to each other than to

the Sulawesi species of the Prasiini. Although the ten-

tative cladogram of the Prasiini (fig. 54) is not based

on a thorough phylogenetic analysis of all characters,

a sister group relationship between Arfaka and the L.

robusta group is considered very improbable.

Moreover, L. paradoxa, a species from Papua New
Guinea and Queensland, belongs to the L. fatiloqua

group and is more closely related to Sulawesi species

than to the other New Guinean species of Lembeja

(De Jong 1987).

Alternatively one could suppose that the Prasiini

evolved on some isolated fragments of the OMAthat

were to end up in Sulawesi, and that at a period in

which ongoing speciation had already established sev-

eral species within the Prasiini, some part of this an-

cestral distribution area regained contact with the

more eastern parts of the OMA. Then one should as-

sume that representatives of several species that have

now evolved into the various monophyletic groups si-

multaneously (re)entered the OMA. The polyphylet-

ic origin of the New Guinean - Australian Prasiini

would support such a highly speculative theory, but

the question immediately arises why the Cosmopsal-

triaria, in casu Dilobopyga and Brachylobopyga, did

not profit by such a renewed route of dispersal.

Pleading against this scenario is the fact that the to-

tal number of New Guinean Prasiini is very small

compared to that of the NewGuinean Chlorocystini

and Cosopsaltriaria, and one would have to assume a

considerable amount of extinction within the

Prasiini, viz., of complete Sepik Arc groups. The New
Guinean Prasiini certainly give the impression of a

relict distribution.

Maluku and Banda
The cicada fauna of Maluku and the Banda islands

is very diverse. Five distinct patterns of distribution

can be recognized, each indicating different relation-

ships between (parts of) Maluku and a variety of ot-

her areas. It is supposed that most of these patterns

are of fairly recent date, since many of the islands on-

ly recently emerged (Fortuin & De Smet 1991).

Many of the area relationships are therefore presumed

to be indicative of various recent dispersal routes into

the Moluccas rather than to vicariance events based

on palaeogeographical changes.

Two cicada genera with an alleged Papuan penin-

sula origin, Diceropyga and Gymnotympana, have a

monophyletic group that occurs predominantly in

northern Maluku. Only D. obtecta occurs on Seram

and Burn, but not farther south. A third alledgedly

Papuan genus, Thaumastopsaltria, might also have a

species in northern Maluku (see chapter 2). It is con-

cluded from geological data that northern Maluku

moves westward and that the island of Halmahera, or

parts of that island (the Halmahera arc), originates

from a position far to the east or southeast of its

present one. Furthermore, a continuity has been sug-

gested between the Halmahera arc and northern New
Guinea. The distribution of cicadas indicates an area

relationship between northern Maluku and the

Papuan peninsula, which suggests that at least part of

northern Maluku, viz. the Halmahera arc, evolved

near the East Papua Composite terrane. This need

not contradict the geological data, if we suppose that

the north NewGuinea terranes originate from direct-

ly east of the East Papua Composite terrane (fig. 55).

Halmahera presumably evolved on a fracture of the

Pacific plate, to which possibly also the eastern parts

of Mindanao and the islands of Yap and Palau of the

Caroline islands are connected. This fracture, which

resulted possibly from plate tensions as a result of the

Sepik Arc - Australia collision, may have reached the

plate boundary somewhere between the East Papua

Composite and northern New Guinea fragments of

the OMA(see reconstructions of fig. 55). In this re-

spect the biogeographical data strongly oppose the re-

construction of Struckmeyer et al. (1993), where the

northern NewGuinea and Finisterre terranes are sit-

uated between the Halmahrea arc and the East Papua

Composite terrane (fig. 56).

Two species of the genus Baeturia {B. exhausta and

B. macgillavryi) have a very similar distribution in

Maluku, the Banda islands, and Timor. B. macgillav-

ryi reaches, with records from Halmahera, Morotai,

and Talaud, slightly farther northward than B. ex-

hausta (compare figs 38 & 40). It is remarkable that

the sister species of both these species [B. bicolorata

and B. bloetei respectively) have a fairly wide distribu-

tion in western New Guinea, which apart from one
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record of B. bicolorata from the northwestern Birds

Head seems to exclude that peninsula. Furthermore,

it is remarkable that in both pairs of species the mor-

phological differences are extremely small, so that in

both cases it is not clear whether the material repre-

sents two distinct species or not. These facts suggest

that B. exhausta and B. macgillavryi are both fairly re-

cent species, possibly even still in the process of speci-

ation.

A very similar distribution in Maluku and the

Banda islands, and also including Timor, was found

for Hamza ciliaris (Linnaeus) (see Duffels 1991).

That species, however, has a much wider distribution

in the Philippines and the Caroline islands and has no

related species on NewGuinea: the relatives of H. cil-

iaris are all found in southeast Asia. Only one other

species of the Chlorocystini is recorded from the

southern Banda islands. That species, Papuapsaltria

bidigitula, is fairly widely distributed in western New
Guinea and recorded from Wetar island, just to the

north of Timor (fig. 45). Since this species is not re-

corded from any of the islands that lie between Wetar

and New Guinea, the record from Wetar is consid-

ered doubtful and confirmation is needed before any

biogeographical conclusions should be drawn.

All species that occur in the southern Banda region

seem to have a fairly wide distribution. This is in con-

trast with the northern Molucca species, of which sev-

eral are island endemics. These facts suggest that the

southern Banda islands could only be reached by spe-

cies with good dispersal abilities. Apart from H. cil-

iaris, these species presumably came from New
Guinea east of the Birds Head. The north Moluccan

fauna of Diceropyga and Gymnotympana, which is

supposed to be older than the two Baeturia species

discussed here, has not been able to disperse south-

ward into the Banda region. This cannot be explained

otherwise than by assuming that they disperse less

easily.

Similarities between the distributions of the Bae-

turia conviva and Cosmopsaltria doryca groups have

been discussed before (Dufffels & De Boer 1990).

Both these groups have endemic species in Maluku

that show sister group relationships between north

and south Maluku. Furthermore, in both these

groups the moluccan species have a sister species that

is widely distributed in western NewGuinea and the

Birds Head. The B. conviva goup is the sister group of

the B. guttulinervis group that is endemic to northern

New Guinea. The C. doryca group is the sister group

of all other Cosmopsaltria species: the small east and

north NewGuinean C. gracilis group and the mainly

central NewGuinean C. mimica complex. The simi-

larities between the conviva and doryca groups suggest

a similar and contemporal dispersal event from New

Guinea through the Birds Head to Maluku. The rel-

ative positions of these groups in the cladograms

show that the doryca group could be much older than

the conviva group and we must not disregard the pos-

sibility therefore that the occurrence of the doryca

group in Maluku represents an older vicariance pat-

tern between Maluku (the Halmahera arc ?) and arc

fragments of NewGuinea (the Sepik arc ?).

The distributions of Aedeastria and, less clearly of

Rhadinopyga, also indicate an area relationship

between Maluku and western New Guinea plus the

Birds Head. Aedeastria has three endemic species on

northern Maluku, and Rhadinopyga has a species that

is relatively widely distributed on the Birds Head and

also recorded from Bacan. The overall distribution

patterns oï Aedeastria and Rhadinopyga are very differ-

ent from those of the B. conviva and C. doryca groups,

however. Whereas the latter two groups each have a

single species widely distributed over the Birds Head
and western New Guinea, the former genera each

have several endemic species on the Birds Head
and/or several of the small nearby islands. For these

reasons we may infer that the evolution oi Aedeastria

and Rhadinopyga is related to a palaeogeographical

isolation of the Birds Head microcontinents. The
high rate of speciation on the Birds Head at least sug-

gests that the latter pattern, that of Aedeastria and

Rhadinopyga, is older than that of Baeturia and

Cosmopsaltria. The Moluccan species of Aedeastria

and Rhadinopyga might have dispersed westwards si-

multaneously with the B. conviva and C. doryca

groups, or at an earlier event, but it is also possible

that the distributions of these genera represent an old

vicariant pattern related to the westward migration of

the Obi - Bacan microcontinent, which shows a geo-

logical relationship with the Birds Head microconti-

nents. The latter explanation demands that this mi-

crocontinent had emerged before its westward

migration. This might be unlikely, since it contra-

dicts geological data concerning similar microconti-

nents in the Moluccan area, which were all sub-

merged until recently (see geology chapter).

The distribution of Dilobopyga gemina represents

yet another pattern in the Moluccan area; it is the

only species that is restricted to the central part of the

area and has no near relatives in other parts of

Maluku or Banda. The species is recorded with two

subspecies from Buru, Seram, Gorong, Sapurua, and

probably Misool. D. gemina indicates a relationship

between Maluku and Sulawesi. All its relatives are en-

demic to Sulawesi. D. gemina is supposed to represent

a recent dispersal from Sulawesi into the Moluccas,

since there are no indications for a palaeogeographic

relationship between any part of Maluku and
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Fig. 56. Palaeogeographic reconstruction of the New Guinea - Bismarck region in Late Eocene. From Struckmeyer et al.

(1993). Lettering: A = Arfak, AC = Australian Continent, Bb= Bena Bena, Bo = Bougainville, BS = Biak-Supiori, Bu = Buru,

eK = east Kai, EP = Eastern Plateau, EPC = East Papua Composite, eS = east Seram, F = Finisterre, G = Gauttier, Ha =

Halmahera, J = Jimmi, K = Kubor block, Ke = Kemumterrane, M = Misool terrane, NC= North Coral Sea, NI = New
Ireland, S = Sepik Arc, Sa = Salawati, sB = south Bismarck, SP = Sula Platform, Su =Sulabesi, TB = Tukang Besi-Buton, TN
=Tamrau-Netoni, To = Torricelli, T = Tosem, Wg= Waigeu, wS = west Seram, Y = Yapen. Shaded parts supposedly dry land.

Sulawesi, and the greater part of the distribution area

of this species only recently emerged.

NewGuinea: Birds Head
The Birds Head peninsula of New Guinea has

comparatively few endemic species. These species be-

long to three genera: Aedeastria, Arfaka, and

Rhadinopyga. It is curious that all three of these gene-

ra are also represented by endemic species on some of

the small islands immediately west of the Birds Head.

Arfaka bariola is endemic to Misool; Aedeastria wai-

geuensis, R. impar, and R. accuminata are endemic to

Waigeu; and R. recedens is endemic to Salawati. Apart

from the dubious record of Thaumastopsaltria adipa-

ta from Misool (see above and De Boer 1995a), no

other genera have endemic species on any of these

three islands. A concentration of species in western

New Guinea and endemism on the Birds Head and

some of the adjacent islands suggest that the three

above mentioned genera evolved on the two micro-

continents of Australian origin, which now form the

Birds Head. These microcontinents, the Kemumand

Misool terranes, originate presumably from some-

where near present day central Papua New Guinea

and northern Queensland (Pigram & Panggabean

1984), and they must have travelled westward, some-

how finding their way between the Australian conti-

nent and some of the advancing OMAfragments (cf.

fig. 3, 55). Struckmeyer et al. (1993) solved this pro-

blem by placing the Birds Head microcontinents

northwest of the Sepik terrane before the Sepik Arc

collision (fig. 56), but such a solution strongly con-

tradicts the biological area relationships of the area.

The sister group relationship between Rhadinopyga

and the new genus 7.
' indicates a vicariant pattern

between the Birds Head and the Solomon Islands.

The sister group relationship of these genera together,

with Diceropyga indicates an area relationship between

the Birds Head - Solomon Islands and a cluster of ter-

ranes including the Papuan peninsula, the Bismarck

Archipelago, northern Maluku, and again the

Solomon Islands. These area relationships can of

course have existed in different geological times. The
presumed sister group relationship between

Aedeastria and Thaumastopsaltria — Mirabilopsaltria

indicates a very similar vicariant pattern between the

Birds Head and the eastern parts of the OMA, in this

case with the Papuan peninsula together with north-

ern New Guinea. These patterns can be explained by

supposing a historic proximity between the Kemum
and/or the Misool terrane and these various terranes

as represented in fig. 55b. Wemust remember, how-

ever, that origin and phylogenetic relationships (cf.

figs 52 & 53) oî Aedeastria are very uncertain. The al-

ternative phylogenetic position oî Aedeastria (fig. 53)

would indicate a vicariance between the Birds Head
and the same parts of the OMAas discussed above,

but then including the Sepik terrane.
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On the basis of the palaeogeographic reconstruc-

tion given by fig. 55b one would expect that the ge-

nus Arfaka too has its nearest relatives in such terranes

of eastern origin, among which the Papuan peninsula

appears to be the common factor. Although the phy-

logeny of the Prasiini is only partly solved, it is clear

that the genus Arfakahas its nearest relatives on either

Sulawesi {Prasid), or the Lesser Sunda islands (the L.

harden group) , or Java and Sumatra (Jacatra) (see fig.

54). Nevertheless, since as discussed in the above sec-

tion on Sulawesi the New Guinean Prasiini might

represent a relict distribution, an extinct sister group

of Arfaka might well have existed on the Papuan pe-

ninsula or there about.

Northern NewGuinea

Several species of cicadas are endemic to northern

New Guinea, that is to the teranes that according to

Pigram & Davies (1987) amalgamated about 10 Mya
(e.g., the Gauttier, Torricelli, Mt. Turu, and Prince

Albert terranes cf fig. 16). Many of these endemic spe-

cies belong to the genus Baeturia, but several other ge-

nera {Aedeastria, Cosmopsaltria, Mirabilopsaltria^

Papuapsaltria, and Scottotympand) are represented by

endemic species in these parts. One area in particular,

the localities of Araucaria camp. Rattan camp, and

Top camp, close to the central mountain ranges in

western NewGuinea, appear very rich in endemic spe-

cies. This area presents a major problem, it was visited

by Mr L.J. Toxopeus in 1939. He collected the type

specimens of no less than 12 species there (De Boer

1995b). Most of these species have never been collec-

ted elsewhere. Apart from four species of the genus

Cosmopsaltria, a genus with presumed Sepik Arc ori-

gin, these species apparently are related to northern

NewGuinea groups. In biogeographical sense the area

seems to belong to northern New Guinea therefore,

but geologically it might form part of the Roufiaer ter-

rane of the Sepik Arc (cf fig. 16). The apparently high

rate of endemism in this restricted area is presumably

partly artificial. The immediately adjacent areas like

the Mamberamo valley and the Van Rees mountains

are extremely inaccessible and certainly undercollec-

ted, and only very few cicada specimens of the inland

territories of northwestern New Guinea (i.e., the

Gauttier terrane cf fig. 1 6) are available.

Many species with an apparent northern New
Guinea distribution are not restricted to the above

mentioned north NewGuinea terranes, but continue

into the Finisterre terrane (which includes the Huon
peninsula) and, often, to the northwestern corner of

the Papuan peninsula. The Huon peninsula in itself is

not a notable area of endemism, although there are

several species with a distribution area slightly excee-

ding the size of that peninsula (extending to the

northwestern parts of the Papuan peninsula and the

eastern parts of northern New Guinea) that should

probably be regarded as endemic to Huon. The
Huon peninsula forms in geological sense part of the

Finisterre terrane, which is supposed to have been

connected to the terranes of the Bismarck

Archipelago. Although the Bismarck islands also have

their endemic species (the D. obliterans group and a

subgroup of the B. hloetei group), these do not have

sister species endemic to Huon. There is thus no sup-

port in cicada distribution that the Finisterre and

Bismarck terranes together are an area of endemism.

Most of the species endemic to Huon belong to pre-

sumed northern New Guinea groups and the Huon
peninsula seems to form an integral part of northern

NewGuinea. This suggests that at least the beginning

of the accretion of the Finisterre terrane might have

coincided with the accretion of the other north New
Guinea terranes (10 Mya), as was suggested by

Pigram & Davies (1987) (fig 17d).

Central NewGuinea

The genus Cosmopsaltria is the only group of cicad-

as centred in central New Guinea that presumably

originates from the Sepik Arc fragment of the OMA.
The B. nasuta group, that has several species with a

distribution remarkably similar to that of many of the

Cosmopsaltria species, is supposed to have evolved

more recently and not in connection with an isolated

Sepik Arc terrane. Two monophyletic groups of

Australian genera might have had their origin on the

Sepik Arc, but afterwards they must have become ex-

tinct on New Guinea (see above and the discussion

on Australia below). In the light of a presumed Sepik

Arc origin of Cosmopsaltria, it is curious that a

Moluccan - west NewGuinean species group, the C.

doryca group, is the sister group of all other species of

the genus. This could be explained by presuming that

the ancestor of the doryca group was distributed in an

isolated western part of the Sepik terrane and that the

occurrence and speciation on Maluku and the Birds

Head is of recent date and the result of dispersal. In

favour of this supposition is the fact that the doryca

group (viz., C dory cd) does occur in some western

parts of central New Guinea that do belong to the

Sepik terrane, and that its distribution shows similari-

ties with that of the B. conviva group. Since the latter

group is considered to be much younger, it means

that if the similarities in distribution pattern of these

two groups result from the same geological events

(the availability of the same dispresal route) the dis-

persal and speciation of the doryca group must be fair-

ly recent. On the other hand, the similarities with the

conviva group could be pure coincidence, and the dis-

tribution of the doryca group could indicate a vica-

riance between parts of northern Maluku and the

Sepik Arc terranes.
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Less easily explained, is the fact that a second sub-

group of Cosmopsaltria, the small gracilis group with

three endemic species in respectively northern New
Guinea, the Huon peninsula, and the Papuan penin-

sula, is the sister group of the mainly central New
Guinean 'mimica complex'. However, in the light of

the enormous speciation that took place within the

central mountain ranges, this point is regarded as in-

sufficient to reject a Sepik Arc origin for

Cosmopsaltria. A more detailed knowledge of the pa-

laeogeography might provide a solution, possibly

some connections have existed that at present we

know nothing of.

It is remarkable that, though most of the

Cosmopsaltria species occur in the central mountain

ranges (14 out of 23), only one is actually endemic to

the central mountains, while four are endemic to

areas that possibly originate from the Sepik terranes

(see above). Many species that occur in the central

mountain ranges are distributed all along these rang-

es from the Wissel lakes in the west to well into the

Huon and Papuan peninsulas. The number of co-oc-

curring species in the Papuan peninsula rapidly de-

creases eastward and, apart from a questionable

record of C gracilis from Milne Bay (Duffels 1983),

no Cosmopsaltria species occur in the easternmost

parts of the peninsula. It seems as if many species

evolved in and dispersed over the cental mountain

ranges and that after the closure of the Aure Trough,

that had long separated the Papuan peninsula from

other parts of NewGuinea, the Cosmopsaltria species

en masse invaded the montane parts of the peninsula.

The question arises then, why the reverse did not

occur, i.e. why the various genera by then present on

the Papuan peninsula did not en masse enter and dis-

perse over the central mountain ranges. Several spe-

cies of Diceropyga, Gymnotympana and Thaumasto-

psaltria apparently did disperse westward. These

genera, however, avoided the central mountain rang-

es and instead entered the lower northern mountain

ranges and the lowlands of southern New Guinea.

Only two species of Gymnotympana occur in the cen-

tral mountain ranges, but these are endemic to a very

restricted area in the easternmost parts of these rang-

es.

This phenomenon can possibly be explained as fol-

lows. Although Diceropyga, Gymnotympana and

Thaumastopsaltria evolved in the partly montane

Papuan peninsula, the species of these genera princi-

pally remained adapted to lowland. Entering the cen-

tral mountain ranges just was not an option when
northern and southern NewGuinea became simulta-

neously available. In this light, it is remarkable that

the two Gymnotympana species from the central

mountain ranges belong to a subgroup of four species

of which the two Papuan peninsula members also

have a montane distribution (De Boer 1995a).

The genus Papuapsaltria forms a notable excep-

tion. This presumably Papuan peninsular, or at least

partly Papuan peninsular, genus contains species with

a distinctly montane distribution. Most of its species

have a limited distribution in the western parts of the

Papuan peninsula and in the eastern parts of the cen-

tral mountains. Just like Gymnotympana, the central

mountain range species are all endemic to a very re-

stricted area.

It is suggested here that when Gymnotympana and

Papuapsaltria reached the central mountain ranges,

the circumstances that enabled species of

Cosmopsaltria and the B. nasuta group to disperse all

along these ranges, no longer existed. Whatever these

circumstances were is not clear, but presumably the

Pliocene - Pleistocene vertical vegetation shifts have

played a role. If true, it means that the B. nasuta

group reached the central mountains before

Gymnotympana and Papuapsaltria could do so, which

means before the closure of the Aure Trough (appr. 2

Mya). This again complies with an assumed origin of

Baeturia on the northern New Guinea terranes,

which had accreted to the central New Guinea ter-

ranes long before that time (about 10 Mya).

Australia

The species of the Chlorocystini —Prasiini and the

Cosmopsaltriaria that occur in Australia can be sub-

divided into two categories: species that belong to

monophyletic groups of Australian genera

{Chlorocysta — Glaucopsaltria — Owra and

Cystopsaltria — Cystosoma) and species that belong to

genera which also occur in New Guinea {Diceropyga

subapicalis, Guineapsaltria flava, Gymnotympana rufa,

G. varicolor, Lembeja paradoxa, L. vitticollis, and

Thaumastopsaltria glauca) . The position of the mono-
typic genus Venustria in this subdivision is not clear,

since V. superba should possibly be included in

Gymnotympana (De Boer 1995a, d). From comparis-

on of the cladograms it can be deduced for most of

these taxa, that the ancestors of the two groups of en-

demic Australian genera must have reached that con-

tinent earlier (possibly following the Sepik Arc colli-

sion of 25 Mya) than the various species of the non

endemic genera (presumably in the Pliocene -

Pleistocene). In this light it is interesting that the

Australian species of the genera that have their main

distribution in NewGuinea are restricted to the Cape

York peninsula of Queensland only, while several spe-

cies of the Australian genera reach much farther

southward into NewSouth Wales.

Such differences in size of the distribution area

might be explained by difference in time of arrival on

Australia. It is considered more likely, however, that

the ancestors of Chlorocysta - Glaucopsaltria —Owra
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and of Cystopsaltria - Cystosoma reached Australia be-

fore the opening of the foreland basin between the

New Guinea otogen and the Australian continent,

and then were forced to move farther southward

when the basin spread. During the existence of this

foreland basin (from 21-3 Mya) large parts of south-

ern New Guinea and northern Australia were sub-

merged. The Australian genera may have migrated

northward again when northern Queensland re-

emerged.

Three of the Australian species that belong to non-

Australian genera [G. rufa, G. varicolor, and L. vitti-

collis) are endemic to the Cape York peninsula, the

others have a wider distribution in southern New
Guinea and the Papuan peninsula. It is remarkable

that all these species of non-Australian genera either

occur on the Papuan peninsula themselves, or belong

to genera for which a Papuan peninsula origin was in-

ferred {Diceropyga, Gymnotympana, Thaumastopsal-

tria), or at least have their nearest relatives on the

Papuan peninsula. G. flava, which belongs to a genus

for which a north NewGuinea origin was proposed,

reaches well into the Papuan peninsula, and has its

sister species, G. flaveola, in the eastern parts of that

peninsula. Even the two Lembeja species, which be-

long to a genus otherwise concentrated in Sulawesi,

form no exception. L. paradoxa, which has its nearest

relations (the L. fatiloqua group) on Borneo, the

Philippines, Sulawesi, and on some of the Lesser

Sunda islands (De Jong 1987), occurs in southern

NewGuinea and on the Papuan peninsula (De Jong

1982), and L. vitticollis belongs to a subgroup of

Lembeja, which has several species on New Guinea;

its nearest relatives {L. papuensis and L. robusta) are

restricted to east Papua New Guinea, including the

Papuan peninsula (De Jong pers. comm.). The

Australian and New Guinean representatives of the

genus Lembeja possibly represent a relict distribution

(see above) and it cannot be ruled out therefore, that

L. paradoxa has had extinct relatives on NewGuinea

and the Papuan peninsula.

It seems that the most recent (Pleistocene) migra-

tion route to Australia was only available for species

from the Papuan peninsula. Neither Aedeastria, with

its predominantly west NewGuinea distribution, nor

Baeturia, with its supposedly north NewGuinea ori-

gin, have reached Australia. Both these genera have

been able to invade southern NewGuinea since its re-

emergence (which started about 10 Mya, that is be-

fore the Pliocene) and they even reached the Aru is-

lands. For the widely distributed genus Baeturia

(Maluku - Samoa) the central mountain ranges of

New Guinea presumably obstructed a rapid south-

ward migration; the genus might have reached south-

ern New Guinea afi:er the last, Pleistocene, connec-

tion with Australia ceased to exist. It is not clear.

however, what has prevented Aedeastria from reach-

ing Australia.

A distribution in the Cape York peninsula, south-

ern NewGuinea and the Papuan peninsula is a fairly

common one and the migration route worked two

ways. A species of the otherwise endemic Australian

cicada genus Pauropsalta, P. eyrei, is recorded from

Cape York and the Papuan peninsula (Ewart 1989)

and two species of the mainly Australian plant genus

Arytera Blume occur on Cape York and the Papuan

peninsula (Turner 1995).

Papuan peninsula

The Papuan peninsula has by far the richest and

most diverse cicada fauna of all NewGuinean OMA
fragments and houses by far the highest number of

endemic species. Phylogeny and biogeography of the

Papuan cicadas suggest that the Papuan peninsula

also has the most complex of area relationships. This

biological complexity reflects the geological com-

plexity of the area, which is fourfold:

1) The Papuan peninsula in itself is of composite

geological origin, as a part of the East Papua

Composite terrane. Prior to the amalgamation of this

East Papua Composite terrane, its components

formed an archipelago of presumably closely related

islands (fig. 20a). The various islands of this archipel-

ago might have had different relationships with the

other parts of the OMA.
2) The East Papua Composite terrane presumably

took a central position in the OMA, forming a link

between the two largest NewGuinean arc fragments,

the Sepik Arc, and the north NewGuinean terranes.

The location of the East Papua Composite terrane

within the OMAmight also have brought this terrane

into contact with the westward migrating Halmahera

arc and the northward migrating Solomon arc (fig.

55b). The East Papua Composite terrane might at

one time have formed the crossroads of several island

arc systems.

3) After the collision of the East Papua Composite

terrane with the Australian continent, the Papuan pe-

ninsula remained separated from other parts of New
Guinea by the Aure Trough (fig. 21). The Papuan pe-

ninsula is therefore probably the part of NewGuinea

with the longest history of isolation.

4) The opening of the Woodlark Basin, which is

held responsible for the fact that no other terranes ac-

creted in eastern Papua NewGuinea, caused a geotec-

tonic whirlpool in which arc fragments curved north-

ward, sliding past the accreted parts of the East Papua

Composite terrane. During these processes biological

exchange berween the various passing terranes might

well have been possible.

Four cicada genera {Diceropyga, Gymnotympana,
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Papuapsaltria, and Thatimastopsaltria) are presumed

to have evolved or pardy evolved on the Papuan pe-

ninsula. The latter three of these genera indicate a sis-

ter group relationship of that peninsula with the ter-

ranes of northern NewGuinea. Since the north New
Guinea terranes were, after the East Papua Composite

terrane, the next terranes to be accreted to New
Guinea, it may be supposed that these terranes lay al-

so the next in order within the OMAisland chain im-

mediately to the east of the East Papua Composite

terrane (fig. 55).

Monophyletic species groups of Diceropyga and

Gymnotympana show a vicariance between northern

Maluku and the Papuan peninsula. (The uncertain

locality of T. adipata possibly obscures such a vicari-

ance for the genus Thaumastopsaltria, see above).

This vicariant pattern must presumably be explained

by a historical proximity between the Halmahera arc

and the East Papua Composite terrane as shown by

the reconstructions presented in fig. 55 (see discus-

sion on Maluku).

Diceropyga and its sister group Rhadinopyga - new

genus '/.' show a vicariant pattern between eastern

New Guinea (including Maluku, and the Bismarck

and Solomon Islands) and the Birds Head plus the

Solomon Islands. A somewhat similar pattern seems

to be indicated by the presumed sister group relation-

ship between the genus Aedeastria with its mainly

western New Guinea distribution and Thatimasto-

psaltria - Mirabilopsaltria from the Papuan peninsula

and northern New Guinea. These patterns suggest a

historical proximity between the Birds Head and a

cluster of terranes including the East Papua

Composite terrane, northern Maluku, the Bismarck

Archipelago and Solomon Islands, as is discussed in

the above section on the Birds Head and visualized in

figs 55c-d.

The small Diceropyga obliterans group (three spe-

cies), which is endemic to the Bismarck Archipelago,

forms the sister group of all other Diceropyga species.

This suggests an old vicariant pattern rather than a re-

cent dispersal event. Since the occurrence of

Diceropyga in northern NewGuinea is supposed to be

due to recent dispersal, and the northern NewGuinea

Diceropyga species certainly do not form the sister

group of the obliterans group, this pattern indicates a

vicariance between the Bismarck Archipelago and an

area including the East Papua Composite terrane, the

Halmahera Arc, and part of the Solomon Islands. The
Bismarck Archipelago is supposed to have formed a

continuous arc with the Finisterre terrane of northern

New Guinea. The latter accreted most recently to

New Guinea, following the accretion of the north

New Guinea terranes, and may in theory originate

from a position in the OMAeast of these north New
Guinea terranes (fig. 55a). Such a reconstruction

places the Bismarck Archipelago far from the Papuan

peninsula, separated from it by the north New
Guinea and Finisterre terranes. The obliterans group,

on the other hand, suggests that there has been a pe-

riod of some contact between the Bismarck

Archipelago and at least part of the East Papua

Composite terrane. Although such a contact might

have been possible after the north New Guinea ter-

ranes had slid past the already accreted Papuan penin-

sula, the sister group position of the obliterans group

suggests an older event. Possibly the OMAfragments

did not form a perfectly linear constellation, and pos-

sibly the Bismarck terrane lay, either with or without

the Finisterre terrane, parallel, in the north or the

south, to some of the north NewGuinea terranes (as

schematically drawn in fig. 55c). In this respect the

reconstruction of Struckmeyer et al. (1993) might be

more accurate. In that reconstruction the north New
Guinea and Finisterre terranes lie north of the East

Papua Composite terrane (fig. 56). The position of

the Finisterre terrane is not clear from a biogeograph-

ical point of view. The distribution of cicadas does

not indicate a combined Finisterre - Bismarck ter-

rane as area of endemism and the species endemic to

Finisterre are related to northern New Guinea

groups, rather than to Bismarck groups (see the sec-

tion on northern NewGuinea). The fact that none of

the other presumed Papuan genera have an old and

endemic group in the Bismarck Archipelago might

imply that not all parts of the East Papua Composite

terrane have had contact with the Bismarck terrane.

Diceropyga has no less than eight endemic species

in the Solomon Islands. These eight species all belong

to the D. subapicalis group, a group otherwise distrib-

uted in NewGuinea and centred on the Papuan pe-

ninsula, and presumably do not form a monophyletic

group (Duffels pers. comm.). This suggests that there

have been several invasions from the Papuan peninsu-

la into the Solomon Islands. It is remarkable that

most of these invasions apparently did not take place

via the Bismarck Archipelago, at present the most

logical connection between New Guinea and the

Solomon Islands. Only some of these Solomon spe-

cies might be closely related to D. gravesteini, which is

distributed in New Guinea and the Bismarck

Archipelago. It is not clear whether or not these inva-

sions are related to a historical proximity between the

Papuan peninsula and the Solomon Islands.

When the closure of the Aure Trough ended the

isolation of the Papuan peninsula, species could mi-

grate into other parts of NewGuinea. All four genera

with a presumed East Papua Composite terrane ori-

gin have species with a comparatively wide distribu-

tion along the northern mountain ranges of New
Guinea, and some of these distributions include the

Bismarck Archipelago. Diceropyga and Thaumasto-
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psaltria have species reaching from the Papuan penin-

sula to southern New Guinea and northern

Queensland, while Gymnotympana, which has two

endemic species in northern Queensland, is not re-

corded from southern New Guinea. It is remarkable

that all species from northern Queensland that do not

belong to endemic Australian genera have their near-

est relations in the Papuan peninsula (see the section

on Australia). Only two species of Gymnotympana

and several species of Papuapsaltria have invaded the

central mountain ranges of NewGuinea, but all these

species have very restricted areas of distribution in the

easternmost parts of the central mountains only.

Melanesia!! archipelagos

The eastern parts of the OMAsystem, the East-

Melanesian archipelagos from the Solomon Islands to

Samoa, form a major problem in the present bioge-

ographic studies. This problem manifests itself in the

great many invasion events necessary to explain the

present-day cicada fauna ofthat area. Two groups are

distributed throughout these archipelagos: a mono-

phyletic group combining the genera Aceropyga and

Moana, and a part of the Baeturia bloetei group. Two
other groups occur in the Solomon Islands: eight spe-

cies of the genus Diceropyga —which together appa-

rently do not form a monophyletic group - and the

new genus 'I. 'are endemic to this island chain. Since

Aceropyga - Moana is the sister group of a monophy-

letic group consisting of Diceropyga, the new genus

'I. ', and Rhadinopyga, it is clear that groups of cicadas

have reached the Solomon Islands at at least three sta-

ges in the evolution of the Cosmopsaltriaria: first the

ancestor of Aceropyga - Moana, then that of the new

genus 'I. ', and finally (the ancestors of) several

Diceropyga species. These three groups all show a dis-

persal or vicariance between the Solomon Islands and

eastern NewGuinea (the Papuan peninsula), though

in the case of Aceropyga - Moana the Bismarck

Archipelago might be involved as a link between the

Solomons and Papua NewGuinea. Only the oldest of

these three groups [Aceropyga - Moana) has been able

to spread eastward beyond the Solomon Islands (fig.

49) . The occurrence of the Baeturia species must be

the result of yet another invasion. These species have

their nearest relatives on the Bismarck Archipelago

and northern New Guinea, but (apart from a

questionable record of B. papuensis) not on the

Papuan peninsula. Although this group is considered

much younger than Aceropyga - Moana and presuma-

bly also younger than the new genus 7. ', they also ha-

ve reached Samoa and Tonga (fig. 38).

The biogeographic complexity of East Melanesia is

presumably partly due to the supposed, in chapter 2

discussed, different geological origin of the New
Guinean and East-Melanesian arc fragments. If the

East-Melanesian archipelagos initially evolved as part

of, or in connection with, the Australian plate, the

present apparent continuity: NewGuinea - Bismarck

Archipelago - Solomon Islands must be of a fairly re-

cent date. In case of an 'Australian related' origin, the

Solomon - Fiji arc must have moved northward with

the Australian plate, while the NewGuinean arc frag-

ments moved from east to west on the southern mar-

gin of the Pacific plate.

The distribution and phylogeny of Aceropyga -

Moana seems in agreement with such a dual origin of

OMAfragments. Aceropyga - Moana forms the sister

group of Diceropyga - new genus 7.
' - Rhadinopyga.

The latter group shows a vicariant pattern between

the Papuan peninsula (including the Bismarck

Archipelago, Maluku, and Solomon Islands) and the

Birds Head - Solomon Islands. Presuming these cica-

das came here by dispersal along the OMA, the com-

mon ancestor of that group {Diceropyga - new genus

7.
' - Rhadinopyga) presumably evolved on the East

Papua Composite terrane (Papuan peninsula), which

is the first part of the area derived from the OMA
they could have reached. The vicariance between

Diceropyga - new genus 7. '- Rhadinopyga and Acero-

pyga - Moana is thus essentially a vicariance between

the Papuan peninsula and the East-Melanesian arc,

and indicates a historical proximity between these ter-

ranes. Such a proximity contradicts a 'single arc' the-

ory in which these areas are separated by the northern

New Guinea, Finisterre, and Bismarck terranes as in

fig. 55a. The commonancestor oi Aceropyga- Moana
could have reached the East-Melanesian arc terranes

directly through the East Papua Composite terrane

and in bypassing the northern New Guinea,

Finisterre and Bismarck terranes. On the other hand

the common ancestors of Aceropyga - Moana and of

Diceropyga - new genus 7. '- Rhadinopyga could have

simultaneously reached East Melanesia and the East

Papua Composite terrane respectively. Either of these

alternatives would be possible in the reconstruction of

fig. 55b. The occurrence oï Moana on the Bismarck

Archipelago might be due to a later westward disper-

sal when the Solomon Islands approached the

Bismarck Archipelago. It could also imply that the

Bismarck islands are part of the Australian rather than

the Pacific arc system, and have always been a north-

ern continuation of the East-Melanesian arc as in the

reconstruction of fig. 55d. 7\s discussed in the section

on the Papuan peninsula, a position of the Bismarck

terranes east of the northern New Guinea and

Finisterre terranes (fig. 55a) is also contradicted by

the phylogenetic position of the Diceropyga obliterans

group.

The collision between the Ontong Java plateau and

the Solomon arc (9-12.5 Mya) caused a reversal of

subduction (see chapter 2) as a result of which the
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Solomon arc at present behaves as part of the Pacific

plate and consequently moves westward. Moreover,

this collision led to fi"agmentation of the East-

Melanesian island arc: Vanuatu rotated (5.5-9 Mya)

southward and Fiji became isolated. This fragmenta-

tion is presumably responsible for the vicariant pat-

tern between Aceropyga and Moana.

The Baeturia bloetei group has a similarly wide dis-

tribution in East Melanesia as Aceropyga and Moana
together, but the former group extends westward to

New Guinea and Maluku, and is absent from Fiji.

The absence from Fiji has been explained by accept-

ing a younger age for the bloetei group. When the

bloetei group invaded the East-Melanesian archipela-

gos, Fiji had apparently already rotated away. Such an

age difference between these two groups is supported

by their relative positions in the cladograms (figs 5

1

& 52) (which can be compared in a time scale, sup-

posing that Gymnotympana and Diceropyga are of ap-

proximately the same age). Furthermore, the relative-

ly small and few morphological differences between

the species of the bloetei group also indicate their re-

cent evolution. Since the East-Melanesian species of

Baeturia have their nearest relatives in northern New
Guinea and the Bismarck Archipelago, it is presumed

that the bloetei group entered East Melanesia when
the present-day configuration with the Solomon

Islands as a continuation of northern New Guinea

and the Bismarck Archipelago already existed. The
aforementioned small morphological differences

among the bloetei group species hamper a phylogenet-

ic reconstruction, and the relationships as indicated

by the cladogram presented earlier (De Boer 1995d)

are considered very uncertain, especially as far as the

position of the three Bismarck species is concerned.

Nevertheless, the East-Melanesian species clearly be-

long to two subgroups, one of which is presumably

monophyletic, the other might include the New
Guinean, Moluccan, and possibly Bismarck species of

the bloetei group. These two subgroups have a similar

distribution in the Solomon Islands and Vanuatu,

but one reaches to Rotuma island and the other to

Samoa and Tonga. The distributions of these groups

on the Solomon Islands are strikingly similar, both

subgroups suggest a subdivision between a northern

and southern Solomon arc, which roughly coincides

with the subdivision in geological provinces (fig. 25).

It is remarkable that such a subdivision does not ap-

pear in the older groups like Moana, Diceropyga, and

the new genus 7.
'

Conclusions

The almost perfect congruence between the geologi-

cal cladogram and the source-area cladograms of the

Cosmopsaltriaria and the Prasiini - Chlorocystini indi-

cates that fragmentation of the OMAfollowed by iso-

lation of the fragments, is responsible for the vicariant

evolution of these two groups of cicadas. Cicada distri-

butions and relationships sometimes also indicate his-

toric relationships between areas that are at variance

with the geological data. These incongruencies may
compel us to make some minor modifications and ad-

ditions to a palaeogeographic reconstruction of the

Outer Melanesian Arc systems. Based on the cicada

relationships we can make the following observations:

1. - Part of Sulawesi, central New Guinea, the

Papuan peninsula, northern New Guinea, and the

Finisterre terrane have, in that order, formed a more

or less linear island arc. The Sulawesi element in this

arc is not widely recognized among geologists.

2. - This island arc was connected to Asia via the

Ryukyu Islands. The collision between the OMAand

Asia must have occurred in that region. The geologi-

cal literature is vague about the location of this first

collision.

3. - There are no data in cicada distribution sug-

gesting a role of (parts of) the Philippines in this is-

land arc. It is widely accepted among geologists that

parts of the central Philippines did form part of the

OMA.
4. —Halmahera lay at one time near the East Papua

Composite terrane. Geologists widely agree that

Halmahera originates from far to the east or southeast

of its present position, but no link to eastern New
Guinea has ever been suggested.

5. - Cicada biogeography and phylogeny indicates

that the Finisterre terrane is an integral part of the

northern NewGuinea terranes, and not (as indicated

in geological literature) related to the Bismarck

Archipelago. The Finisterre terrane presumably col-

lided with the Australian continent, or started to col-

lide, at the same time as did the northern New
Guinea terranes (10 Mya, as suggested by Pigram &
Davies, 1987). Geological literature often places this

collision much later (2-4 Mya).

6. - The Bismarck Archipelago presumably always

lay near the East Papua Composite terrane and has

not been separated from that terrane by the northern

NewGuinea and Finisterre terranes. The latter is of-

ten suggested in geological literature, though a recent

palaeogeographic reconstruction of Struckmeyer et al.

(1995) complies with this view.

7. - The East-Melanesian archipelagos (the

Solomon Islands, Vanuatu, Fiji, and Tonga) form a

separate arc system that evolved along the eastern

margins of the Australian plate, of which the northern

part, the Solomon Islands, lay near the East Papua

Composite terrane. The separate evolution of this

chain is widely accepted in the geological literature,

but no connection to the East Papua Composite ter-

rane has been suggested.
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8. - The Bismarck Archipelago may have formed a

link between this East-Melanesian arc and the East

Papua Composite terrane. Geologists regard the

Bismarck Archipelago as an eastern extension of the

part of the OMAthat derived from the Pacific and

suggest a relationship with the Finisterre terrane.

9. - The Birds Head originates from far to the east

of its present position and at one time lay near the

East Papua Composite terrane and the Solomon

Islands. The eastern origin of the Birds Head agrees

with the geological data but a proximity between the

Birds Head and the East Papua Composite terrane or

Solomon Islands has never been suggested in the geo-

logical literature.
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BoninArc 182,224
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exhausta, Baeturia 211, 229, 230
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fatiloqua group, Lembeja 111, 118, 229, 234
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globulata, Mirabilopsaltria 218
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'219, 222, 225, 229, 230, 233, 234, 235, 236, 237

Halmahera Arc 187, 206, 207, 208, 228, 229, 230, 235
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Hamza 230

harden ^tonp, Lembeja 221, 222, 228, 232
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232, 233
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Idea 172
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inconspicua, Mirabilopsaltria 218
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intermedia, Baeturia 216

Jacatra 221,222,228,232

Japen Island 189, 194,217

Java 175, 177, 195, 197, 199, 222, 227, 228, 232, 237

Kai Islands 185,205,206,210
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kaiensis, Cosmopsaltria 205
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Kemumterrane 184, 189, 210, 231, 232
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lanceola, Thaumastopsaltria 208
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lata, Cosmopsaltria 205

latifions, Aedeastria 210

Lau Basin 200

Lau Islands 200

Lau ridges 199,200
Laurasia 175

laureli, Baeturia 211

Lembeja 111, 222, 224, 228, 229, 234
Lengguru 189

lorentzi, Baeturia 212

loriae group, Baeturia 214, 215, 216, 222
loriae, Baeturia 214, 223
loriae, Cosmopsaltria 204, 205
lost Pacifica 177, 184, 187

Louisiade Archipelago 206, 207
Louisiade Plateau 192

macgillavryi, Baeturia 211, 229, 230
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207, 208, 21 1, 221, 222, 223, 224, 228, 229, 230, 231,

233, 234, 235, 236, 237
mamillata, Baeturia 216

Mariana Arc 187

meeki, Cosmopsaltria 204

Meimuna 174, 223

membrana, Gymnotympana 206

w/Vw/'ca complex, Cosmopsaltria YTò, 205, 230, 233
mimica, Cosmopsaltria 173, 205, 230, 233
Mirabilopsaltria 217, 218, 222, 224, 226, 232, 235
Misool Island 184, 185, 208, 210, 216, 221, 228, 230

Misool microcontinent 190

Misool terrane 190,210,231,232
Moana Tm, 222, 227, 236, 237

Molucca Sea 183, 188

moluccensis, Aedeastria 210

montana, Brachylobopyga Tl\

Morotai 187,208,210,211,229
Mt. Turu terrane 193, 216, 218, 226, 232

Muda 174

nasuta group, Baeturia 173, 215, 222, 232, 233
nasuta, Baeturia Ilo, 213, 215, 216, 223, 232, 233
New Britain 194, 199, 206, 208, 209, 216, 221

new genus / 220, 221, 222, 227, 231, 235, 236, 237

NewGuinea 169, 170, 171, 172, 173, 174, 175, 178, 179,

182, 183, 185, 187, 188, 190, 191, 192, 193, 194, 197,

199, 200, 202, 203, 204, 205, 206, 207, 208, 209, 210,

211, 212, 215, 216, 217, 218, 219, 220, 222, 223, 224,

226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,

237
NewHebrides (Vanuatu) 195, 198, 199, 200

New Ireland 193, 194, 199, 209, 221

novariae, Papuapsaltria 217

Obi Island 184,185,210,211,222
obiensis, Aedeastria 210

obliterans group, Diceropyga 207, 232, 235, 237
obliterans, Diceropyga 207, 232, 235, 236

obtecta group, Diceropyga 206

obtecta, Diceropyga 206, 229

Ontong Java plateau 195, 197, 198, 199, 227, 236

Outer Melanesian Arc (OMA) 172, 173, 181, 182, 184,

187, 189, 190, 192, 193, 195, 198, 200, 202, 203, 210,

216, 219, 220, 221, 222, 223, 224, 225, 227, 228, 229,

231, 232, 234, 235, 236, 237, 238

Owra 218,219,225,233

Pacific Ocean 177, 179

Pacific plate 169, 174, 179, 181, 182, 184, 190, 194, 195,

221,228,229,236,237
PalauArc 187,229
pallida, Guineapsaltria 209

palliduLt, Guineapsaltria 209

Pangea 1 77
Panthalassa 1 77
Papuan peninsula 192, 193, 202, 205, 206, 208, 209, 210,

213, 215, 217, 218, 222, 225, 226, 229, 231, 232, 233,

234, 235, 236, 237
Papuapsaltria 111, 218, 222, 224, 225, 230, 232, 233, 235, 236

papuensis, Baeturia 213, 236

papuensis, Cosmopsaltria 204, 205

papuensis, Lembeja 222, 234

paradoxa, Lembeja 222, 228, 229, 234

parva, Baeturia 212, 216

parvula group, Lembeja 22

1

parvula, Lembeja 221

Pauropsalta 20 1 , 202, 234

pennyi, Guineapsaltria 209
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Philippine plate 179, 182, 184, 190

Philippines 179, 180, 182, 224, 228, 230, 234, 237

phyllophora, Papuapsaltria 217

pigrami, Baeturia 214

pneumatica, Thaumastopsaltria 208

poecilochlora, Aceropyga 220

Prasia 221,222,232
Prasiini 169, 172, 173, 174, 200, 202, 203, 204, 221, 222,

223, 224, 228, 229, 232, 233, 237

Prince Alexander ferrane 193,216,218

quadrifida, Baeturia 212

recedens, Rhadinopyga 210, 231

rétracta, Baeturia 216

Rhadinopyga 172, 209, 210, 21 1, 221, 222, 227, 230, 231,

235, 236
robusta, Lembeja 11\, 222, 228, 229, 234

roehli, Lembeja 221

Rotuma Island 197,211,221,237
Rouffaer terrane 190,232

rubricata, Gymnotympana 206

rufa, Gymnotympana 209, 218, 234

Ryukyu Islands 180,224,237

sahebdivanii, Scottotympana 216

Samoa 172, 173, 195, 211, 220, 234, 236, 237

SangiheArc 188

sarissa, Thaumastopsaltria 208

schulzi, Baeturia 211

Scottotympana 222, 224, 225, 232

sepia, Aedeastria 210

Sepik Are 181, 182, 184, 190, 191, 192, 193, 195, 203,

206, 222, 224, 228, 229, 230, 231, 232, 233, 234

Sepik terrane 190, 215, 228, 231, 232, 233

Seram 185, 187, 207, 211, 221, 228, 229, 230

stenla, Thaumastopsaltria 208

silveri, Baeturia 214

Solomon Are 221,236,237
Solomon Islands 172, 174, 181, 194, 195, 197, 198, 199,207,

211, 220, 221, 222, 227, 228, 231, 235, 236, 237, 238

Solomon Sea 190, 193

Sorong Fault 187

spelunca, Thaumastopsaltria 208

strepitans, Gymnotympana 206

stylata, Guineapsaltria 209

subapicalis, Diceropyga 207, 209, 222, 228

Sula 184, 185,207,211,221
Sulawesi 169, 170, 171, 172, 173, 174, 179, 180, 182, 184,

185, 200, 202, 203, 219, 220, 221, 222, 223, 224, 225,

228,229,231,232,234,237
Sumatra 175, 178, 222, 228, 232

sumbawensis, Lembeja 221

superba, Venustria 206, 218

Talaud 188,211,229
Tamrau Mts. 1 89

Tamrau terrane 1 84

Tanimbar 185

tenuispina, Baeturia 214

TethysSea 169, 175, 179, 182, 190, 195

Thaumastopsaltria 207, 208, 209, 217, 218, 219, 222, 225,

226, 229, 231, 233, 234, 235, 236
Tibicinidae 169, 172,200
Timor 185, 187,205,211,230
Tonga 172, 173, 174, 181, 195, 198,200,211,220,221,

236, 237
toradja, Brachylobopyga 221

Torricelli Mts. 194,210

TorriceUi terrane 189, 193, 216, 218, 226, 232

toxopei, Papuapsaltria 217

Toxopeusella 201

toxopeusi, Mirabilopsaltria 218

typica, Jacatra 22

1

ustulata, Papuapsaltria 217

vanderhammeni, Baeturia 213

Vanuatu 174, 181, 195, 199, 211, 220, 237

varicolor, Gymnotympana 209, 218, 234

Venustria lQ,(o,l\?>,ll'b

verlaani, Gymnotympana 206

versicolor, Baeturia 214

viridicata, Mirabilopsaltria 218

wV/^w group, Baeturia 211

viridis, Baeturia 212

viridida, Guineapsaltria 209

VitiazArc 181,221

Vitiaz trench 1 97

vitiensis, Cosmopsaltria IS)^

vitticollis, Lembeja 222, 234

Waigeu Island 187, 188, 194, 208, 210, 217, 231

waigeuensis, Aedeastria 210, 231

wauensis, Baeturia 213

wegeneri, Baeturia 215

Woodlark Basin 193,235

woodlarkensis, Papuapsaltria 217

Yap Arc 187,229

Glossary

Accretion - Process in which a landmass merges af-

ter collision to another landmass.

Craton - Structure of precambrian rock, unaffec-

ted by orogenesis. Here the crust of the northern mar-

gin of the Australian plate.

Fault - Fracture along which two parts of tectonic

plates slide past each other.

Hot spot - Weak spot in the earth's crust through

which magmaoccasionally wells up.

Lithology - General characteristics of sediments.

Microcontinent - Part of a continent that has be-

come detached by rifting.

Orogenesis - Mountain building.

Rifting - Process in which continental plates are

split by newly formed sea floor.

Sea floor spreading - Process of growth of an oce-

anic plate caused by upwelling of magmaalong a mid

oceanic ridge.

Subduction - Proces in which one of two colliding

tectonic plates dips under the other.

Terrane - Geotectonic unit of which the geological

properties differ from adjacent terranes.

Trench - Deep sea area marking the place of Sub-

duction.
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